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WINGED ".SUBMARINES" FOR HIGH ALTITUDE FLYING.

Not content to dwell where Nature placed him, man has en-

deavored to burrow into the waters of the ocean and to

penetrate into the higher reaches of the ocean of the air. By
means of (living "suits men have descended to a . maximum
depth of some 300 feet, but even a dive of 100 feet would

be a serious undertaking for the average man. In the ordi-

nary diving suit the pressure of the surrounding water is im-

parted to the air which the diver breathes, and, consequently,

his lungs and his whole being are subjected to severe strains.

The only method of descending into the ocean with any de-

gree of comfort is to go down in a chamber in which the air

is maintained at atmospheric pressure. This is possible in

submarine vessels or in diving suits constructed of steel so

as to resist the external pressure. However submarines so far

built dare not descend to a depth of more than 200 feet ; for

below that depth the crushing weight of the water is liable

to strain them severely if it does not completely crumple

them.

In aerial navigation we are going through the same course

as was pursued in the development of submarine navigation.

Hitherto flights to extreme altitudes have been of the nature

of aerial dives or brief excursions and the pilots who essayed

these perilous expeditions have been equipped with oxygen

breathing apparatus or oxygen masks which correspond to

diving helmets. Fortunately the difference between air pres-

sure at sea level and that at an altitude of five or six miles

while considerable is in no way comparable with that of de-

scending 300 feet into the depths of the ocean. Nevertheless

even with aerial diving helmets we are unable to rise much
above an altitude of six miles. It is true that the altitude

record is 36,020 feet, made by Major Schroeder a few months

ago, but there are only two others who have ever reached an

altitude of more than 35,000 feet and even 30,000 feet has been

reached by very few aviators.

A recent development consists in employing a special re-

lease valve automatically controlled by barometric pressure

so that it will feed oxygen to the mask worn by the aviator

in proportion as he requires it. However, even with such

apparatus it is a question whether it could be possible for

an aviator to rise to an altitude of, say, 40,000 feet. Labo-

ratory experiments indicate that at a pressure corresponding

to that height, the tension of the oxygen in the lungs falls

so low that the tissues are unable to make use of it. Strange

to say a certain amount of carbon dioxide is needed, not

merely to dilute the oxygen but' to increase the pressure of

oxygen in the blood. Just how the carbon dioxide functions

has not yet been determined, but it seems to be needed to aid

the lungs in absorbing the required oxygen in rarefied atmos-

pheres. Experiments have therefore been made with oxygen, in

winch a certain proportion of carbon dioxide has been mixed.

However, even with this improvement, it is hardly likely

that flights of extreme altitude will become very popular. Only

hardy passengers, men with strong constitutions, would be

able to take such flights. At best passengers would find the

wearing of masks or "aerial diving suits" a decided nuisance.

It is not for the mere purpose of satisfying human ambi-

tions that aerial navigators have tried to rise to high levels,

nor is it with the purpose of exploring the upper strata of

the atmosphere. Such explorations can be and are carried

on successfully by means of sounding balloons equipped with

instruments that record automatically the meteorological con-

ditions encountered. There are material advantages to aerial

navigation in rising to high altitudes. Head resistance is

greatly reduced and much higher speeds are therefore obtaina-

ble ; hence high flying is economical in time and fuel. Further-

more, there are prevailing winds at various altitudes which

could be utilized by the aeronaut or aviator were he able to

guide his machine at will to a level at which there was a

current of air blowing in the direction of his course.

If diving suits fail us why not use "aerial submarines," that

is, enclosed cars in which air at atmospheric pressure can be

maintained?

By this means alone would it be possible for the average

passenger to endure and enjoy sustained flight in an extremely

rare atmosphere. He would be relieved of all the perils of

high altitude conditions and would not experience the slightest

discomfort.

This interesting subject was discussed in an article pub-

lished in the January issue of this journal. On page 70 of

the present number, there is an article by Dr. Guglielminetti

which gives further information on the subject. He
points out the advantages of this method of navigation in a

rarefied atmosphere. The air pressure requisite even at ex-

tremely high altitudes would not be much greater within the

car than in the atmosphere outside and a very strong con-

struction for the car would not be necessary. Special oxygen

tanks would not be required, as it would merely be necessary

to pump into the car with a blower enough air to keep the

pressure at the normal of sea level. A biplane has been de-

signed with an enclosed car capable of carrying a large num-
ber of passengers. Special interest attaches to the chart

which shows the range of travel of this aerial bus and its load

capacity for various distances along lanes of travel running

up to six miles above the earth.

It is more than probable that we shall soon see the

"winged submarine" in service making long distant flights in

remarkably fast time.



Recent Discoveries Regarding the Stars

The Motion, Brightness, Distance and Distribution of Stars and Spiral Nebulas

By John Candee Dean

SUMMER days draw us to outdoor life, and we find mild

evenings very agreeable for star gazing, on clear moon-

less nights. As we stand under the great dome of the

heavens, in whatever direction we turn, we see the light of

far distant stars shining down upon us.

The ancient belief was that the stars were all about the

same distance from the earth. They were thought to be fixed

in the "crystalline heavens," a huge, hollow crystal sphere,

with the earth at its center. The earth was supposed to be

stationary, and the crystal sphere rotated once every twenty-

four hours. We now know that the distances of different

stars vary enormously.

Naked eye observations of the constellations indicate that

the fixed stars have not changed their relative positions

since the days of Homer. There has, of course, been a shift-

ing of the sphere of the heavens due to precession, but with

relation to the Milky Way, the constellations appear not to

have changed in 2,500 years. When, however, they are ex-

amined with the telescope, it is found that the stars are mov-

ing at great velocities in various directions.

STELLAR MOVEAIENTS

The astronomer Kapteyn found that the average speed of

stars is about 23 miles a second or seven billion miles a year.

There are some high speed stars with velocities of 100 to 150

miles a second. These high velocities show that their motions

are nearly in straight lines and practically independent of

their mutual attractions. In spite of the speed of these

"runaway stars," it would require nearly 200 years for the

nearest of them to move a distance equal to the moon's appar-

ent diameter. They are too small, however, to be seen with

the unaided eye.

The motion of stars in the line of sight, that is, to or from

us, is called radial motion, while motion at right angles to

this, or across the sky, is called proper motion. The radial

motion, or motion in line of sight, is determined by spectro-

scopic observations. If its distance is increasing, its lines

in the spectroscope are shifted toward the red, and if the

star is moving toward us its lines are shifted toward the

blue, this motion is easily translated into miles. The proper

motion of a star cannot be determined in miles unless its

distance is known.

The theoretical fundamental of space is the ether which
is frictionless, elastic, immovable, continuous and pervades

all space. It is the medium which carries light. Light is

not a substance, but is a wave motion of the ether. Several

attempts have been made to determine the motion of the sun

with respect to the ether, which is supposed to be stationary,

but such attempts have failed. The sun with the whole solar

system is moving in the general direction of the star Yega
in the constellation of the Lyre. This point which is found

to lie five or six degrees from Vega is called the apex of the

solar motion. The antapex is in the general direction of the

star Sirius. That is, we are moving toward Yega and away
from Sirius at a velocity of about 12 miles a second.

Interstellar space is estimated to be at a temperature of

about 500 degrees below freezing. At a distance of 200 miles

from the earth's surface this low temperature prevails. The
absolute limit of cold is 523 degrees Fahrenheit, below the

freezing point. This is called the absolute zero. Artificial

cold within two degrees of this temperature has been pro-

duced in the laboratory. There is no air in space and the

vacuum is nearly perfect. It is probably a more nearly per-

fect vacuum than can be obtained artificially, consequently

the stars and planets move through space without friction.

It must not, however, be assumed that there is no matter in

space. The cosmic matter in space is so thinly diffused that

it has practically no effect on light. It has been shown that

less than 1 per cent of starlight is absorbed by traveling for

thousands of years through space.

Moulton tells us that the large velocities of stars show that

their motions are nearly rectilineal and practically indepen-

dent of their mutual attractions, except when two or more pass

near each other. It can easily be shown by the principles of

celestial mechanics that mutual gravitational attraction of

the stars cannot generate such enormous velocities. "There
is no reason for assuming that the stars were originally at

rest, and hence we are under no obligations to account for

their motion any more than we are for their existence."

The nearest star visible to the unaided eye, in our latitude,

is the Dog Star, Sirius. It is also by far the most brilliant

of the millions of fixed stars of our universe. As we gaze

at it we note other smaller stars near by. We call them smaller

because they look small, but this is on account of their vastly

greater distance from us. A star that shines with a faint

light may be dimmed by distance and in absolute brilliancy

may be many times brighter than the Dog Star.

EXTENT OF THE MILKY WAY

The Dog Star is in the western edge of the Milky Way. a

great belt of stars that encircles the earth. When a photo-

graphic plate is exposed, in the telescope, to the light of the

Milky Way it is found to be packed with thousands of stars.

The Milky Way is the very foundation of our stellar universe.

It has been found that many of its stars belong to two great

streams flowing in opposite directions which interpenetrate

each other without interfering with their movements. Milton

says

:

The Galaxy, that Milky Way
Which nightly as a circling zone thou seest

Powdered -with stars,

A broad and ample road, whose dust is gold.

It is impossible to express, in adequate language, the im-

mensity of the Milky Way. It fills our minds with indescrib-

able grandeur. This stupendous girdle is composed of millions

of vast suns whose depths are beyond the reach of our largest

telescopes. All visible stars belong to this great galaxy of

stars. Its shape is supposed to be like a watch case. When
we look at the Milky Way we are gazing through the longer

diameter of the case which gives an impression of stars

closely packed together, and when we look away at right

angles to the Milky Way, we are looking through the shorter

diameter of the case, and the stars appear scattered.

From what has been said, it will be seen that the Milky

Way is a huge cluster to which our solar system belongs. It

is found to be enormously larger than astronomers had pre-

viously supposed.

STELLAR DISTANCES

Stellar distances are measured in light years. The pro-

gressive velocity of light is so great that we cannot form

any' mental conception of it. Light of all colors travels at

the same velocity. It would pass around the earth about 450

times a minute, its speed is six trillion miles a year, and yet

it may take as much as 200,000 years for light to pas-

through the limits of the greater diameter of the Milky Way.

Among the objects of the stellar universe are globular clus-

ters of stars. The total number of known globular clusters is

sixty-nine. They belong to the general system of the Milky

Way, but are not in the Milky Way. They are at remote dis-

tances from us varying from 1S.000 light years to 300,000
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light years. The host known globular cluster is that in the

constellation of Hercules. It is just visible to the naked eye,

but in a telescope of even moderate size is a splendid object,

sparkling like a cluster of small diamonds. Its distance is esti-

mated by Shapley at about 35,000 light years.

STUDY OF GLOBULAR CLUSTERS

Within a few years our knowledge of the structure and

extent of the stellar universe has been greatly extended,

largely through the study of globular star clusters by Dr.

FIG. 1. SPECIAL XKiBULAS IN A REGION SOME DISTANCE
FROM THE MILKY WAY

There are 53 rings : at the center of each there is a nebula. Space
covered is about equal to that of the full moon.

Such bright stars as Canopus; Beteiguex, Deneb and lieta

Centauri are so far away as to be practically without sensible

parallaxes. Recently photography has been successfully ap-

plied to this problem with increased accuracy in the results

Of estimating stellar distances.

A still more recent and very promising method of finding

the distance of stars has arisen from spectroscopic methods of

predicting stellar magnitudes. This method is based on the

discovery that the "ultimate magnitude" of stars can be

found with surprising accuracy from the relative intensity

of certain lines in their spectra. Knowing the ultimate mag-
nitude and the relative brightness, their distances can be de-

termined by comparison, with nearer stars whose distances

have been found by their parallaxes. Comparison of dis-

tances computed by this method with the distances computed

by parallactic methods are said to agree very closely. This

remarkable discovery may in time enable astronomers to

measure the visible depths of the universe. At present the

weakness of the spectra of faint stars limits its application

to the brighter ones.

It has been shown by the Harvard classification of stars

that the older stars are the coolest and are also the swiftest

in their movements. The fact is, that the entire universe

down to the smallest atoms is in intense motion. From this

it has been suggested that all matter is alive. That is, life

is a property of matter. A wealth of evidence has been col-

lected which proves that the atom is an organized planetary

system of dazzling complexity in which electrons simulate

the movement of the planets in our solar system. The nega-

Shapley, of the Mount Wilson Observatory. He has discovered,

by the study of certain stars which vary in brightness in the

short period of one day, that they are about 100 times as

bright as the sun. These short period Cepheid variable stars

are found in the globular clusters and they are ingeniously

used to tell the story of the distances of the clusters them-

selves. Those stars whose period of variation is four days

are found to be 400 times as bright as the sun. Knowing
their apparent brightness, and also knowing their real bright-

ness, Shapley is able to compute their distance, and thus de-

termine the distance of the star clusters. These distances

are astounding. The great Hercules cluster previously re-

ferred to is 35,000 light years away and the remotest cluster

observed is computed to be 220,000 light years away.

Our sun belongs to the fixed stars, and being near us, affords

an opportunity by comparison, to determine the structure of

distant stars. They are all gaseous bodies, and the spectro-

scope demonstrates that they are composed of the same ele-

ments as the sun. The sun is classed as a "G" star and is,

therefore, below the average in temperature. In regard to

size, it is also moderate. The Dog Star is estimated to be

forty-eight times as bright as the sun. If we were as near

to that star as we are to the sun, we would be burned to a

crisp by the intense heat. The brilliant star Spica is 13,000

times as bright as the sun, while Canopus, a very bright star

in the south polar sky, is 55,000 times as bright as the sun.

Spica and Conopus are both about 500 light years from us.

To express their distance in miles, write down three and add
fifteen ciphers. FIG. 2. A TYFICAL SPIRAL NEBULA—MESSIER 51

MEASUREMENT OF DISTANCES

The distance of a star is determined by its annual parallax.

The operation of measuring a star's parallax is considered

the most difficult in the whole range of practical astronomy.

No star has yet been found with a parallax as large as one

second of a degree, and this large parallax is a microscopic

distance on the circle of the telescope. The triangle would

be equivalent to one with base of three inches and sides 60

miles long. Only a few of the very nearest stars have sensible

parallaxes, therefore, we know the accurate distance of but

few stars.

tive electrons of the atom revolve around their positive nuclei,

like planets around the sun. The planet Neptune requires

165 years for a single revolution around the sun, while the

electrons of atoms complete their revolutions around their

nucleus in the millionth or the billionth of a second. These

electrons are thought to revolve in a series of concentric

orbits, all in the same plane. If oxygen gas, at atmospheric

pressure, could be magnified until each nucleus were equal

to the mass of the sun, we would have the sidereal universe

reproduced in which the mean distance between the atoms

would approximate the mean distances between the fixed
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stars. Thus in oxygen gas and other gases the sidereal uni-

verse is reproduced in miniature.

Since the forces acting in the atom are found to be elec-

trical, may not the force acting in the stellar universe be

electrical? Is not the force of universal gravitation electrical?

Should not the universality of stars lead us to infer that the

force of universal gravitation is an electromagnetic force?

FIG. 3. SUPPOSED STRUCTURE OF THE UNIVERSE
ACCORDING TO WILLIAM HERSCHEL

There are but two classes of objects seen in the distant

heavens : stars and nebulas. The nebulas are divided into

three classes, irregular, planetary and spiral. There are

certain nebulous stars called the Wolf-Eayet stars. It is

also thought that various black patches in the sky are caused

by dark irregular nebulas. Only two bright nebulas are

visible to the unaided eye, viz.: the great irregular nebula

of Orion and the great spiral nebula of Andromeda. It is

related that a sea captain in crossing the ocean discovered

what he thought to be a comet, which he watched with in-

terest during his voyage. On arrival at the port of Boston,

he hurried to the Harvard Observatory to announce his

discovery, but was there informed that he had been looking

at the nebula of Andromeda.
This most beautiful spiral nebula appeal's to the naked

eye as a hazy patch of light, and it requires a large telescope

to bring out its beauty. With the three-foot Crossley telescope

at the Lick Observatory several fine photographs of this neb-

ula have been obtained. On a plate exposed in the Crossley

reflector covering a portion of the sky, some distance from
the Milky Way, in a space but little larger than that of the

full moon, no less than 53 spiral nebulas are shown. A count

of the small spirals on photographic plates, taken with the

Crossley reflecting telescope at the Lick Observatory, indi-

cates that in the whole heavens there are at least 700,000 of

these small nebulas within reach of very large telescopes. No
doubt, the 100-inch telescope at the Mt. Wilson Observatory

will be able to show more than a million.

The spirals are never found in the Milky Way, they in-

crease in numbers as the poles of the Milky Way are ap-

proached. Their speed of movement is higher than any

other objects in the heavens, sometimes averaging several

hundreds of miles a second. They generally have but two

prominent arms winding out from their central nucleus. The
latest and most sublime theory regarding them is that they

are distant universes of stars. Prof. H. D. Curtis of the

Lick Observatory says

:

"On this theory could we be transported out into space a

distance of hundreds of thousands or millions of light-years,

to where the spirals are, and look back from that point at our

own particular Milky Way, and stellar universe, it would

perhaps appear to us as a spiral nebula."

On the theory that the spirals are separate Milky Ways, or

"island universes," Curtis estimates their distance from us at

from ten million to one hundred million light-years. He says,

"It is certainly a wonderful, a brain-staggering conception,

more tremendous even than any other of the mighty ideas of

astronomy, that our own stellar universe may be but one of

hundreds of thousands of similar universes."

The illustration Fig. 1 is from a photograph covering an

area of the sky about equal to the apparent size of the full

moon. The nebulas are at such vast distances that they are

mere specks shown at the centers of the circles. There are

53 nebulas in this small area. Fig. 2 shows the spiral nebula

called Messier 51. It is of a typical form with two arms
leading out from the central nucleus and winding around it.

Fig. 3 is from a drawing by Sir William Herschel made the

latter part of the eighteenth century. At the center A is the

star cluster of our galaxy, or our universe of stars ; beyond

and around it are numerous exterior universes of stars. It

is remarkable that in Herschel's time these distant, so-called

nebulas could not be seen and their existence was purely a

matter of theory. Now through the use of our larger tele-

scopes it is found that there is visible evidence to support the

Herschelian hypothesis.

While the sun moves at a uniform rate and probably in a

straight line the earth, owing to its motion around the sun,

describes a huge spiral in space. Because the plane of the

earth's revolution is inclined to the line of the sun's way, a

variable motion of the earth toward the apex is produced.

Referring to Fig. 4 the earth's motion toward the sun's apex is

shown to be seven times as rapid at b as at d. At b the

velocity is 21 miles a second, while at d it is only 3 miles a

second. Fig. 4 shows the course of the sun and the earth

FIG. 4. MOVEMENTS OF
EARTH AND SI'X TOWARD
APEX OF THE SUN'S WAY
DURING A PERIOD OF

ONE YEAR

FIG. 5. THE SPIRAL
COURSE DESCRIBED BY
THE EARTH DURING A
PERIOD OF EIGHTEEN

MONTHS

during a period of one year. The first three months the sun

moves from e to b, and the earth from a to b. The second

three months the sun moves from b to f and the earth from

b to c. The third quarter the sun moves from f to d and the

earth from c to d. The last quarter the sun moves from d

to g and the earth moves from d to h. Fig. 5 is another view

showing the helical course through which the earth actually

moves during a period of eighteen months.



Is the Earth Expanding or Contracting?*

Theory of a Gaseous Core Denser than the Solids Which Form Out of It and Incase It

By Hiram W. Hixon

I
In the Scientific Amebican Monthly for April, pages 292

to 297 there appeared an article by Entile Bclot, Chief Engi-

neer of Manufactures under the French Government entitled

"The Ballistics of Volcanoes" in which the marine theory of

the origin of volcanoes is defended. The author of the present

article does not accept M. BMot's arguments but holds to the

theory that they arc the result of a gradually shrinking planet.

. I letter by Mr. Hixon coinni<enting on M. Helot's article will

be found on page 9(3.

—

Editor, j

THE cause of elevation, folding, faulting and other

changes in the earth's crust which raised what was
once covered by the sea, in a former geological period

to the land we live on, has been variously stated, but further

examination has shown that the old hypothesis will not ex-

plain the observed facts.

It is not generally known what the cause of causes is, but

if the argument which follows is correct then it must be local

and regional reduction of density which causes elevation and
local and regional increase of density which causes subsidence.

Unloading or erosion accentuates elevation, and loading by

deposition of sediments accentuates depression, but neither

is the ultimate cause of either elevation or depression. The
Grand Canyon area was a region of depression for a long

geological period, and then it became a region of elevation.

The unconformities show (Fig. 3) that these conditions have
been reversed three or more times on a gigantic scale, and
many times on a minor scale. In Dutton's "Monograph on the

Tertiary History of the Grand Canyon" his analysis of the

process by which the Canyon was cut is that the river was
there first, and the plateau rose in the path of the river. This

is obviously true, because rivers do not run over plateaus

8,000 feet high and cut canyons through them, when there

are regions of less elevation in which they can flow. We are

therefore confronted with the necessity of finding a competent

cause for the elevation from below sea level to an altitude

of 18,000 feet above sea level, of a dome in the earth's crust

150 miles in diameter. There have been removed from the

Grand Canyon area, according to Dutton, 10,000 feet of strata

Stretch Compression

FIG. 1. NORMAL FAULT FIG. 2. REVERSED FAULT
The normal fault is called normal because it is the dominant

type, and it is impossible to produce this type by contraction of the
hot interior of the earth acting on the cold crust, for slumping down
must be preceded by elevation.

of various geological ages overlying the carboniferous, which
is exposed in the rim of the Canyon at present at an altitude

of 8,000 feet in the north wall. Loading furthered depres-

sion, of the sedimentary series, but when deposition ceased,

the surface was still at or below sea level, and erosion could

therefore not be the cause of elevation. The elevation is

greatest where erosion has gone deepest, which is in the Canyon
itself. vThe proof of this is that all the surface drainage is

away from the Canyon rim and one is obliged to go up hill

to the Canyon. This is due to the fact that the removal of

the immense weight of material in the cutting of the Canyon
has caused an increased uplift over the area near the Canyon
and reversed the dip of the strata as in an anticlinal.

Reprinted from Popular Astronomy, Vol. XXVIII, No. 5, May, 1920.

But the elevation has been great in regions remote from the

Canyon, so that the cutting of the Canyon cannot be the cause

of more than local adjustment to anisostatic balance. This
isostatic balance is world wide as well as local, and the con-

tinents and islands which stand above the ocean bottom do

so simply because the sub-crustal material beneath them is

less dense than beneath the more depressed parts of the earth.

The rocks composing the stratified series in these elevated

regions testify to the fact that they were deposited below
sea level, and we are, as in the case of the Grand Canyon
area, obliged to explain how the immense weight of the con-

tinental masses have been lifted to their present positions.

The contraction hypothesis is incompetent to explain these

changes of altitude because of lack of strength in the crust,

as shown by Woodward and other investigators. Calcula-

tions were made on the strength of earth domes, taking into

consideration strength of materials and weight, and it was
found that when considered as a dome of the radius of the

earth, twenty-five miles thick, and of material equal to the

crushing strength of granite, that such domes would not sup-

CP.rtronii'erous

4000 ft.-
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FIG. 3. DIAGRAMMATIC ELEVATION OF THE NORTH WALL
OF THE GRAND CANYON OPPOSITE BRIGHT ANGEL TRAIL
Two great unconformities, each of which marks a period of

erosioni of a land surface subsequently submerged and deeply covered
with sediments. The region was later elevated and a dome or

mountain range eroded off, and this repeated three times.

port one five-hundredth part of their own weight if they were
one hundred miles in diameter. Obviously, if domes of such

small diameter are not self-supporting, then domes of conti-

nental size cannot be, and the crust must at all times be sup-

ported by the material below it.

If it is in isostatic balance at all times, and varies in alti-

tude from one geological age to another, then the only solu-

tion of the problem is that a part of the subcrustal material

varies in density between these dates.

The cause of the variation in density is now the chief con-

cern, and it is necessary to depart a considerable distance both

in time and subject to explain that.

To begin with, it is necessary to define several things

:

1st—Critical temperature is the temperature above which

matter is always in a gaseous condition regardless of pressure.

2nd—Gas is matter above its critical temperature.

3rd—The sun is above its critical temperature as a whole

and therefore gaseous throughout, and in the central portion

gravitational compression makes gases of a greater density

than,the solids that may form out of them when cold.

4th—Gas of greater density than solids is still gas, and

subject to the laws governing diffusion, and will support or

float a crust of solids and may be called solid gas.

5th—According to Graham's law of the diffusion of gases

in a mixed body of gases, each gas occupies the whole space

as if the other gases were absent.

6th—In a sun or planet in an incandescent condition it must

follow, if these laws be true, that each gas will diffuse clear

through the whole planet irrespective of density, and occupy

the space where gravitational compression has made the density

greater than the solids which will form out of them at the sur-

face when cold.
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7th—Rigidity is a property of matter that resists deforma-

tion to sudden movement and is relative to that movement.

For example, the earth as a whole is said to be as rigid

to the tidal movement as a sphere of steel, but it yields to

centrifugal force, and is of greater equatorial than polar

diameter. It also yields to reduction of density as shown, and

the isostatic balance is preserved by yielding to small forces

long continued, like loading and erosion.

Rigidity is a property of cold matter, as we are used to it,

that is lost when the temperature is much increased whether

fluidity is reached or not, as for example : A bar of steel

heated in a forge is rigid on the cold end and soft on the hot

end.

Therefore, an increase of temperature of 1 degree Centi-

Mountain
uplift

Volcano
-- Solid crust

FIG. 4. DIAGRAMMATIC SECTION OF THE EARTH TO IL-

LUSTRATE THE THEORY OF A GASEOUS CORE DENSER
THAN THE SOLIDS WHICH FORM OUT OF IT

The core contains some of each of gases which were originally in, the

gaseous planet sun, and are held there by the power of diffusion

until liberated toy the cooling of some of the elements below their

critical temperatures. These elements become solids because the

gravitational compression raises the fusion point to the critical

temperature. The average density of the earth is about 5.6, water
being 1 ; so that at the center the density must reach 10 or more.

At the surface the cold material has an average density of 2.7, and
pressure increases at about 3 tons per square inch per mile of

depth. The rate of increase, increases with the depth and at the

center of the earth is a'bout 25,000 tons per square inch. The crust is

much thinner in regions of volcanic activity and the increase of

temperature with depth is much more rapid than in regions covered

with thick beds of sedimentary rocks. The average, so far as known,
is about 1°'C. for 100 feet of depth, or about 50°C. per mile of depth,

which would give 5,000 "C at 100 miles if the increase were uniform,

which it probably is not. If 5,000°C. is reached at 100 or 150 miles

of depth that would be high enough to volatilize all known substances.

grade for each 100 feet of depth will cause a plastic condition

or a zone of rock flowage long before the melting tempera-

ture is reached in a solid globe.

The most recent information regarding increase of tempera-

ture with depth has been obtained from a well drilled to a

depth of 7,580 feet at Valley Falls, W. Va. The temperature

near the top of the hole was 52° and at the bottom 170° F.

This increase is at the rate of 1.56
8
F. or .865°C. per 100 feet,

and is also the greatest depth to which a bore hole has been

drilled.

As a result of rock flowage without melting, all cavities

are closed at a mile or less of depth, and in deep mines it has

been found that surface waters do not go much below two

thousand feet, and below that the workings are dry. Notwith-

standing this fact, lavas which come from great depth are

porous and full of gas and steam when they issue from the

craters, and it is now known that gases, a considerable por-

tion of which is steam, 75 per cent by analysis in the report of

the observatory on Kilauea for July, 1919, are the sole cause

of the elevation of the lava in the craters and the craters

themselves, and all the other phenomena known as volcanic

action, and as I shall show, also of geysers and hot springs.

Chamberlain's postulate of a cold earth developed from

planetesimals is not in accord with the observed fact that the

moon, with only one-eighty-first part of the mass of the earth

was formerly molten, as shown by the crater rings which are

visible on its surface.

Assuming an incandescent condition for the earth before it

had a crust, we have the origin of the gaseous core or solid

gas, with rigidity corresponding to compression and containing

some of each of the gases which were in the original gaseous

planet.

The gases of low critical temperature will continue to be

held in the gaseous core by the power of diffusion so long as

the temperature is above the critical point for all, and as

the mass on the outer surface of the gaseous core loses heat

and falls below the critical temperature of some of the ele-

ments, they pass from the gaseous to the solid condition be-

cause the gravitational compression has raised the fusing

point to that of the critical temperature, eliminating the fluid

condition. The gases of low critical temperature such as

Nitrogen, Hydrogen, Co, Co2 , So 2 , etc., can no longer remain

in diffusion with solids, and they work their way up through

the zone of solid flowage to the bottom of the zone of fracture

by some process similar to osmosis ; by which they constitute

an integral part of a non-porous medium with additions from

below and relief from above. They act as carriers of heat

from the zone of critical temperature to the focus of volcanic

fusion, and when sufficient gases and heat have accumulated

break through to the surface and cause the various physical

phenomena known under the head of volcanic action (Fig. i).

They rise uniformly from the zone of critical temperature

or solid gas, but owing to long established channels do not

reach the surface except in localities of volcanic activity.

Their first effect is to reduce the density of the rock matter,

which they fuse by their contained heat, and this reduction of

density causes elevation at the surface of the solid crust in

the same manner that the leavening gases cause the eleva-

tion of the surface of a loaf of bread : Example, the Black

Hills, S. D. When sufficiently accumulated, the elastic pres-

sure of the gases pulls the zone of fracture apart, and the

gases rush into the fracture carrying along the fused rock

Main range

FIG. 5. RESULT OF THE CREEP OF MATTER OF REDUCED
DENSITY BENEATH THE ZONE OF FRACTURE ON STEEP

SLOPES FROM DEEP SEA TROUGHS TOWARD
HIGH MOUNTAINS

The sea trough is deepened while the sea beaches and mountains

are elevated periodically at time of sudden movements and earthquake.

The submarine ridge to the left of the trough will m time become a

third range of mountains and the elevated trough will be filled

with the wastage of the mountains in the same manner as the

plateau surrounding Lake Titieaca has been filled. The festoon of

parallel ranges of mountains shown on maps are thought to have

been formed in this manner.

matter as a dyke or sill, which may or may not reach the

surface and result in volcanic action. Dissected craters are

shown to be located above dykes, as witness the one on the

Canyon rim at Vulcan's Throne, Grand Canyon (Dutton).

Lavas are local fusions of rock by volcanic gases and vary

widely in composition from the same crater at different erup-

tions.
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The matter of reduced density below the zone of fracture

tends to seek a higher level and displace matter of greater

density. This results in the phenomenon known as stoping

or thinning of the zone of fracture, and is characteristic of

volcanic regions, and is the means by which craters are bored

through horizontal bedded strata not otherwise disturbed, as

for example, the diamond pipes in South Africa and Devil's

Tower in South Dakota. This creep of rock matter saturated

with gas from regions of great depth is influenced by the heat

gradient or isogeotherms ; and in a region where deep ocean

areas border on the land, and high mountains are near the

sea, it results in sudden upward movements which carry the

crust blocks in a sudden lurch, just like a land slide only

reversed in direction. In this way the ocean becomes deeper

and the hind higher (Fig. 5). The crust blocks moved in

this maner may contain many thousand cubic miles of matter,

and the momentum of such a mass when suddenly stopped is

enough to shake the whole earth, and the result is called a

tectonic earthquake. The volcanic type of earthquake has the

same cause of causes but is more local in character. Being

at a shallower depth, its effects are not felt over so great an

area and may result from the intrusion of steam accompanying

the advance of a dyke or sill into a fault plane which was

opened by the elastic pressure of the steam, and the shock

may be partly due to the sudden condensation of the steam

when in contact with the cold wails.

Such a fault plane opened and closed several times with

accompanying noises of rushing steam and heaving of the

ground, will explain most earthquakes. The condensed steam

escapes as water along with the gases through craterlets,

many of which were found at Charleston and New Madrid.

The accumulation of matter of reduced density beneath a

mountain range which has been shown to exist by the use of

a vibrating pendulum according to the Coast and Geodetic

Survey, is to be accounted for in the manner just described.

And as the accumulation takes place from the opposite sides

of the range of mountains, and the crust blocks are carried

in two opposite directions, folding and overthrust occur as a

result without the contraction of the planet as a whole, the

stretch of normal faults compensating the folding and re-

versed faults (Figs. 1, 2 and 6). It has been estimated that

all the contraction produced by the loss of heat in a hundred

million year period would not result in decreasing the circum-

ference of a great circle of the earth more than seven miles.

It has also been estimated that if all the folding and over-

thrust were ironed out of the mountain ranges in a similar great

circle, that it would amount to one hundred and twenty to

one hundred and fifty miles ( Chamberlain ) . Here is a dis-

crepancy that calls for just the explanation offered : that fold-

Matter of reduced
density. Probably granitic due to

deposition of silica from hot solutions
and formation of feld spar and mica under
like conditions according to Le Conte and Sorby.

FIG. C. FOLDING AND ELEVATION OF A MOUNTAIN RANGE
BY THE CREEP OF MATTER OF REDUCED DENSITY BE-
NEATH THE COLD CRUST TOWARD THE AXIS OF

ELEVATION OR CENTER OF A DOME.

The bottom strata are much more folded and crumpled than the

top. because of their higher temperature and greater friction. The
crust is carried in two opposite directions, and folding and over-

thrust in The mountains is compensated for on the sides where

the crust is stretched and normal faulted.

ing is due to the carrying of the crust against itself from the

opposite sides of the axis of accumulation (Fig. 6).

Contraction is inadequate to account for the observed fold-

ing and if due to folding would be continuous, whereas moun-

tain building is epochal. According to the explanation given,

there may not only be no contraction, but actual expansion of

the earth as a whole. The reason for this is plain. If the

earth has a gaseous core denser than the solids that will form
out of its gases, and its core by loss of heat is gradually be-

coming solid, then it will occupy more space (Fig. S), and the

earth as a whole will be expanding instead of contracting,

which will mean a slowing down of its speed of rotation and
a lengthening day. The reason for this is that the momentum
of rotation is fixed and if the diameter increases by expansion

INDlAti

OCEAN

FIG. AREAS OF SUBSIDENCE IN EQUATORIAL AND
SOUTHERN AFRICA

the speed of rotation must decrease. The question is at once

suggested, "Have we any evidence that it is expanding?"
And the answer is supplied by the millions of normal faults,

all of which indicate a stretching of the crust (Fig. 1), and
also by the great rift valley which extends from south of the

equator in East Africa to the valley of the Jordan in Palestine.

By analogy, the so-called Canals of Mars may be the result

of the expansion of a once gaseous core on a rigid crust

(Fig. 8), with the consequent inflow of most of the water on
the surface and the growth of vegetation adjacent to the water.

Also the slower revolution of the planet would explain whyr

the inner satellite of Mars revolves in less time than Mars
itself does, because the speed of rotation of the satellite

would not be influenced by the expansion of the planet.

The point of greatest practical interest to students of this

subject is the thought, that if all the land areas are held

above the level of the ocean by reduction of density, then we
and all air-breathing animals owe our development and ex-

istence to that one fact, for without that force all the litho-

sphere would have remained at a uniform altitude, and the

waters of the ocean would cover the entire surface of the

planet, and nothing living could develop, except it swam in the

limitless sea.

Whether we have elevation or subsidence in a region is a

relative matter, and depends on whether accumulation of the

leavening gases in the regions below the zone of fracture is

more or less rapid than their escape to the surface through

volcanic vents, hot springs, etc., or the movement of matter of

reduced density from beneath one region to another. The

solution of the geyser and hot spring problem is simply a
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calculation of the heat units that would have to be derived

from the contact of cold surface water with hot rocks. In

the Yellowstone Park there are reported to be about 4,000

hot springs, geysers and steam vents. Some of these dis-

charge steadily a large amount of boiling water, while many
are relatively small. All told, 20,000 gallons per minute does

not appear to cover the quantity, and at 8 pounds per gallon,

this would be 160,000 pounds- per minute, or 80 tons. Water
has a specific heat of 1 and ordinary lava of 0.20, so that it

would require the cooling of 5 times the tonnage of lava

through the same range of temperature as the water, say

150°, from 62°F. to 212°F., or the same tonnage of lava cooled

through five times the range of temperature, or 750° to supply

the heat units.

There are 1,440 minutes in a day and 525,600 minutes in

a year, which multiplied by 80 tons gives 42,048,000 tons of

lava cooled through 750°F. to supply the heat for a single

year. At 2.5 tons per cubic yard this represents about 16,800,-

000 cubic yards, or put another way, a cubic mile of lava

would supply heat for 324 years, or 308 cubic miles would be

required to supply heat for one hundred thousand years.

The geysers and hot springs are in deeply eroded country,

young in a geological sense. Some of the geyser cones show

signs of glaciation, so that they are evidently many times one

hundred thousand years old. It is impossible that surface

waters can come in contact with, or extract the heat from,

such a huge quantity of lava by conduction, because the con-

ductivity of lava is so low that if the outer surface be cold,

though the interior be hot, relatively no heat would pass to

the water.1

FIG. 8. EFFECT OF THE EXPANDING OF A GASEOUS CORE,
DENSER THAN THE SOLIDS THAT WOULD FORM OUT OF

IT, ON A COLD CRUST

The water would be withdrawn from the surface, and the speed

of rotation reduced. The momentum of rotation must remain con-

stant, and if the diameter is increased, the period of rotation must
increase also. This is probably why the inner satellite of Mars
revolves around Mars in less time than Mars revolves on its axis.

The cracks in the crust would explain the so-called Canals of Mars,

as well as the great rift valley of the earth in East Africa, and the

rill cracks on the moon.

The travertine deposited from solution at the surface as a

cone and all the way up the pipe completely isolates the pipe

from surface waters as the casing of an oil well does, and

therefore condensed steam from the gaseous core forming

magmatic water is alone discharged.

The escape of all known gases from volcanic vents and from

the fluid lava while cooling has been observed. This is in

aFor this reason any effort, to get power or steam from bore holes

or shafts to great depth will end in failure, for after the waMs are

once cooled the conductivity of the rock is too low to renew the heat

readily. This applies to the article by Chas. Parson, F.R.S., in the

May number of Scientific American Monthly.

accord with the known facts of what should be the case ac-

cording to the law of diffusion of gases applied to a gaseous

planet. Hydrocarbon gases have the same reason for being in

the gaseous interior as the other gases, and their accumulation

and condensation to oil beneath impervious sedimentary de-

posits would explain the origin of petroleum.

The hydrothermal solutions resulting from the condensa-

tion of steam from the interior would leach out the metals

from the hot rocks in the path of their ascent, and deposit

them in faults and fractures near the surface because of the

effect of relief of pressure and falling temperature on the sol-

vent power of the solution, thus making ore deposits.

Finally, the question of probability of the correctness of any

hypothesis increases about as the sum of the squares of the

number of observed facts that it will explain or agree with.

If it will explain all of the known facts which other hypo-

thesis explain and also those which they fail to explain it has

an infinitely greater probability of being correct.

Sierra. Nevada

After Le Conte.

FIG. 9. THE BLOCK FAULTING IN THE GREAT BASIN IN
UTAH AND NEVADA ANOTHER EXAMPLE OF A REGION

SHOWING EXPANSION

The foregoing hypothesis explains all2 known geological

phenomena except the rigidity of the earth to tidal distortion

and that is assumed to be explained by gravitational com-

pression of the gaseous core which produces rigidity as well

as density greater than the solids which may form out of it.

Even the hypothesis that the earth is solid is open to the

same criticism because the high temperature would destroy

the rigidity of a solid core.

TEMPERATURE AS A MEANS FOR PREDICTING
BAROMETRIC CHANGES.

Aviation is giving increasing importance to weather pre-

dictions and aviators must learn not only how to read weather

maps but also how to interpret for themselves various local

weather indications.

Two French scientists, G. Reboul and L. Dunoyer, have dis-

covered a definite relation between the changes of temperature

and those of barometric pressure.

It has been noted that a depression coming from the Atlantic

is, in winter, always accompanied with a rise in tempera-

ture, while the establishing of a high pressure system is

accompanied by a fall of temperature. As variations in tem-

perature usually precede those of the barometer, the former

may be used to foretell the latter. Rising temperatures are

favorable to a fall of the barometer; falling temperatures

favor a rise. This fact may be easily verified by an exami-

nation of isobar and isotherm maps. Hence the authors lay

down the rules that (1) regions in which the temperature is

rising are threatened with a fall of the barometer; and (2)

regions in which the temperature is falling are threatened

with a rise of the barometer. These rules apply with greater

accuracy when the temperature on the land is below that

on the ocean. As at present understood, they hold true only

for latitudes above 45°, and in the months of winter.

Observations made in the regions of Central Europe during

the six months from October to March, 1917-1918, afforded a

basis for predictions which were fulfilled in from 64 to 76

per cent, of the cases recorded.

—

Compter Rendus, July 28,

1919.

"AM geological phenomena have their beginning in elevation, erosion

and sedimentation, and elevation is shown to be due to reduction of

density toy magnetic gases and is the first cause leading to all the

others which are effects.



Microbes Two Thousand Years Old

Methuselahs of the Microscopic World Found in Papyrus of the Ptolomaic Era

Abstract of a Report to the French Academy of Sciences

IT
would seem reasonable to suppose that in the more or less

elaborate processes by means of which cellulose is trans-

formed into paper in micro-organisms originally existing

in the former would be destroyed. But thiss upposedly rea-

sonable theory lias just been disproved in the experiments

made by the French scientist, M. V. Galippe, a report of which
was presented to the French Academy of Sciences on November
3rd, 1919, by M. Yves Delage.

M. Galippe declares that all sorts of paper contains in its

fibers living organisms capable of being cultivated. He says:

"I have made use for many years of Alter paper sterilized

in the auto-clave at a temperature of 120°C. for a period of

half an hour. A direct examination of such sterilized filter

paper by dilaceration (i.e., tearing asunder) and coloration

shows that it contains within its framework and particu-

larly in its fibers a large number of ovoid bacilli united in

a mass. Those which we isolated were capable of movement.

Several plantings of these were made with positive results.

"According to my observation the presence of living elements

in filter paper (even sterilized) offers no great inconvenience,

at any rate so far as rapid filtration of liquids is concerned,

though it may be so in the case of organic liquids which filter

slowly.

"It occurred to me to inquire what influence time might have

upon such living creatures contained in paper. My researches

extended to papers manufactured in the 18th century and
even in the 15th century." M. Galippe continued his experi-

ments as follows : "Fragments of paper were placed in con-

tact with sterilized distilled water frequently stirred. These

fragments were afterwards dried and allowed to remain for

several hours in sterilized water which was supersaturated

with ether. Then after having been dried again these frag-

ments were planted with cultures. The 18th century paper

thus treated was examined directly after dilaceration and

coloration, and it was found that its fibers contained a certain

number of ovoid bacilli. The cultures gave positive results the

next day. Microscopic examination showed the- presence

of numerous rods and of ovoid bacilli and diplobacilli as well

as of microzymes and mitochrondial forms. The experimenter

next treated paper from a book printed in 1496 in the same
manner. In this case the direct examination of dilaceration

and coloration revealed large micrococci containing a micro-

zyme bacilli and numerous microzymes. The free micro-

organisms in the preparation were capable of movement

:

those which colorized the fibers of the paper, on the contrary,

remained immobile. Positive results were obtained from the

sowings on the next day. Besides ovoid bacilli and rods the

culture contained extremely curious mitochrondia forms recall-

ing those previously observed by us in muscular tissue as well

as in the epidermis of the petals of certain flowers. A num-
ber of examinations of the same paper as well as new cultures

made with it yielded some results. Furthermore, we found in

one of our cultures a bacillus which was morphologic and iden-

tical with the tetanus bacillus.

"Encouraged by these first results we were led to inquire

whether paper still more ancient would give similar results,

and thus through the kindness of a learned gentleman we were

able to procure some fragments of Chinese MSS. It was
not possible to assign the exact date of this but we were as-

sured that they dated from a period long before the discovery

of printing. The first of these two specimens (No. 1) seemed

to be older than the second (No. 2) and was more resistant.

After having been treated by the method indicated above these

fragments of paper were examined with the following results

:

"No. 1 contained in the interior of its fibers numerous ovoid

bacilli as well as rods, micrococci and diplococci. When sewn
upon gelatine these fragments yielded positive results and
the culture was found to contain rods, large ovoid bacilli

and mitochondrial formations—all of these organisms were
capable of movement. Two days after the culture was started

we found within the fibers of the paper ovoid bacilli and

chains (chainettes) and rods endowed with movement. These
micro-organisms exhibited nothing peculiar in the process of

their development.

"In specimen No. 2 the direct examination enabled us to

perceive in the interior of the fiber ovoid bacilli of considerable

volume. The culture made yielded positive results. These
cultures contained mitochondria forms already referred to,

as well as large rods, a great number of ovoid bacilli and like-

wise many microzymes. After being incubated for three days,

all these elements began to multiply and afterwards passed

through a normal development. They were all capable of

movement."

These very remarkable results fired M. Galippe's interest to

such an extent that he determined to carry the question of

the long life of these little Methuselahs still farther. From a

well-known Egyptologist, M. Benedite, he succeeded in ob-

taining fragments of papyrus belonging to the time of the

Ptolemies, i.e., about 2,000 years before the Christian era.

Upon bits of this papyrus were sown culture mediums. One of

them was subjected to direct examination after being torn

asunder and colored as usual. The large cells of the epider-

mis remained united and were found to be unaltered. Some of

these cells were empty, whereas others contained micro-organ-

isms of various forms. Among these we distinguished large

spherical bodies, rods arranged in chains, ovoid bacilli, micro-

cocci, and diplococci. After three hours of hydration these

intra-cellular micro-organisms, which had remained motion-

less for so many centuries, all began to move. After the lapse

of twenty-four hours cultures made with them exhibited signs

that they were multiplying and developing—the mitochondria

forms as well as the various micro-organisms observed in the

direct examination.

These startling and unexpected results of the revival of life

in organisms as dead apparently as Pharaoh's mummy induced

the investigator to continue his researches, with a slight modi-

fication of technique. Fragments of the aforesaid papyrus

were macerated in pure ether to free them of the resinous

matters contained which had rendered the observations

somewhat difficult. When the fragments thus macerated

were treated as before they exhibited the same results,

except that the intra-cellular micro-organisms were found to

be endowed with movement.

Finally the series of experiments was completed by making
an anatomical and bacteriological examination of the plant

from which the ancient papyrus was made—the Cyperus

Papyrus. It is interesting to learn that when the epidermis

of the stalk of this plant with all its leaf sheaths was
examined some organisms were discovered that had been first

found in the papyrus of the Ptolemaic era. In the cells of

the fibers and in the cultures made therewith, similar mito-

chrondria forms were found as well as ovoid bacilli, rods, and

numerous microzymes, endowed with motion.

Previous researches made by M. Galippe, with the aid of

Mine. G. Souflland have likewise established the high degree

of resistance to the intra-cellular organisms to the action of

heat and to various chemicals. Hence these microscopic living

creatures, whose very existence was so long unsuspected, ap-

pear to be really entitled to the name of minute Methuselahs.
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Surgical Use of Beef-Bone Screws*
Their Advantages in the Repair of Fractures and in Bone Transplantation

By M. S. Henderson, M. D.

IN
recent years, Bone grafting has become established in

surgical practice as firmly as the more simple operation of

skin grafting, and, as in the latter, it has been found

that the autogenous graft is the best. Practically all failures

can definitely be attributed to technical errors, such as too

small a graft, infection, inadequate fixed bony approximation

of the graft to fragments, and poor postoperative fixation of

the part. I have found beef-bone screws to be a great aid in

attaining this fixed approximation of the graft to the bone,

and I believe that they would be employed more if their uses

and methods of preparation were more generally known. I

am well aware of the fact that a few surgeons have used them,

but I present this article on their preparation and use be-

lieving that it may be of interest to others.

There can be no doubt that, from a purely theoretical point

of view, screws made from the bone of the patient, such as

the bone pegs advocated by Albee, would be better than beef-

bone screws. The theory when put into practice, however,

has so many objections, such as the difficulty of making the

screws or pegs properly, and the extra amount of bone used,

that I have come to the conclusion that the beef-bone screws

are to be preferred. The question of whether the beef bone is

suitable for a graft does not enter into this discussion, for all

that is demanded of the screws is that they provide fixation of

the autogenous graft to the fragments. They are usually

absorbed completely within from six months to a year.

We know that the bone transplant must be held firmly in

position and have broad contact with the bone to which it is to

be grafted. While in theory an inlay graft is best and occa-

sionally it is possible to obtain a perfectly fitting inlay by the

use of double bladed circular saws, in actual practice this

FIG. 1. PIECE OF BEEF-iBONE WITH STRIPS, BLANKS AND
SCREWS : A, MEDIUM SIZED SCREW, 10 BY 24 ; B,

LARGE SIZED SCREW, 5/16 BY 18

is not easy. If the blades of the twin saw are out of line

there will be a considerable discrepancy in the size of the

graft and the slot. It is necessary to employ some means of

securing the graft to prevent it from moving. Kangaroo

tendon or catgut sutures thrown about the fragments and

•Copyrighted 1020 by the American Medical Association. Re-

printed by pei-mission from the Journal of the American Medical Asso--

elation, March 13, 1020. pp. 715-717.

the graft are not satisfactory. Beef-bone screws properly

placed are well-nigh ideal for the purpose.

PREPARATION OF SCREWS.

Fresh beef bone is obtained usually from the tibia, the joint

ends are sawed off, and the shaft is boiled for one and one-

half hours to remove the tissue and the marrow. The shaft is

sawed into pieces 3%, 2% and 1% inches long for the large,

medium and small size of screws, respectively. The medium
sized screw is of aid in many situations, and many more of

FIG. 2. INSTRUMENTS NECESSARY FOR THE PLACING OF
BEEF-BONE SCREWS : A, NO. 17 TWIST DRILL : B,

STRAIGHT HANDLED 10 BY 24 TAP; <?, OFFSET
HANDLE 1C BY 24 TAP; D, OFFSET HANDLE
WRENCH WITH HEXAGONAL HEADED BLEF-

BONE SCREW IN SOCKET; E, STRAIGHT
HANDLE WRENCH

these are used than of either the large or the small screws.

The sizes used by us are standards, and in mechanical terms

the large screws are known as 5/16 by 18, the medium size as

10 by 24, and the small as 6 toy 32. The lengths adopted are

arbitrary and may be varied to suit the needs of the case. The
pieces are sawed lengthwise into strips ; their width varies ac-

cording to the diameter of the screw to be made. 'The strips

are roughly sized in the vise by filing, and are then turned to

the proper size, pointed, and the head rounded in the lathe.

These finished blanks are placed, for one-half hour, in petro-

latum brought to the melting point in a double boiler, in order

to replace to some extent the natural oils removed by the boil-

ing. This renders the bone a little less brittle and less likely to

crumble when being threaded. The heat must not be extreme

or the bone will be overheated and rendered almost chalky.

The blanks are placed in the lathe and threaded by using a

standard machine screw die. Petrolatum is freely used on the

die while the threads are being cut. The large blank is

threaded with a standard 5/16 inch by 18 die. The head is

5/16 inch long and is flattened on two sides to % inch in

thickness to fit a special wrench. The large screw when fin-

ished is ordinarily 3% inches long, but this may be varied.

The medium: sized blank is finished into a scrow 19/100 inch in

diameter and 2% inches in length (Fig. 1). A little more

care is necessary in putting the threads on this size than on the

large screw, and we have found it necessary to step down the

threads by using three dies : 12 by 24, 11 by 24, and 10 by 24.

The small blank is for a screw 14/100 inch in diameter and

\ys inches long. It is necessary to step down the threads for

this screw as follows: 8 by 32, 7 by 32, to 6 by 32. The

heads of the two smaller screws are % inch long and % inch

in diameter to allow for hexagonal shaping to a 3/16 inch

standard. These fit a specially made socket wrench fitted to

12
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the end of a small brace. When the screws are received from
the machine shop they are thoroughly scrubbed with soap and
water and boiled in water for thirty minutes. They are then

kept in the instrument case and boiled as required, just as any

instrument is boiled. The screws are cheap, easily made and
well tolerated by bone. The one objection to them is that

they are brittle and will not withstand any great amount of

stress, particularly if there is any torsion with the strain.

For his interest and skill in the actual manufacture of the

screws we are indebted to Mr. Geonge Little, chief of the in-

strument shop of the Mayo Clinic.

SURGICAL USES.

Even though the beef-bone screws are well made, they can-

not 'bemused successfully unless there are at hand the proper

instruments for placing them. Above all, it must be remem-
bered that they withstand very little twisting force, and if

they bind when being screwed in, they will break. For the

Chip off

spinous process'

Beef-bone screw through,

spvnous process and draft

-

FIG. 3. CURVED TIBIAL BONE GRAFT (a) HELD SECURELY
IN PLACE BY THE AID OF TWO BiEEF-BONE SCREWS
PLACED THROUGH THE GRAFT AND SPINOUS PROCES-
SES: 6, TRANSVERSE SECTION SHOWING THE REL-

ATIVE POSITIONS OF THE GRAFT, SPINOUS
PROCESS AND BEEF-BONE SCREW

large size, 5/16 by 18, a special socket wrench is used. I

have used the large screws only in situations such as the

head of the femur or the condyle of the femur. If not passed

through any cortical bone, they are of sufficient strength to

make their own threads in the soft hone, and the drill hole

bored by a 9/32 inch twist drill does not need to be tapped.

Since the medium sized screws, 10 by 24, and the small screws,

6 by 32, have a hexagonal head of the same size, the same
wrench fits the two (Fig. 2, D and E). For the medium sized

screw the holes in the graft and fragment are bored by a No.

17 twist drill (Fig. 2 A) and the hole is tapped by a 10/24

tap (Fig. 2, B and C). For the small screw the hole is bored

by a No 29 twist drill and the hole tapped by a 6/32 tap. The
drills can be used on the electric motor or on the hand drill.

The tapping must be carefully done by hand. Handles of

different styles for the wrench and taps will be found conven-

ient for the different situation (Fig. 2, B and C). If the sub-

cutaneous structures are scanty, the heads of the bone screws

may be removed either by bone-biting forceps or a Gigli saw.

In recent spiral or oblique fractures of the long bones, re-

cent fractures of the nock of the femur, of the olecranon proc-

ess, and in certain fractures of the patella, the screws are an
excellent means of obtaining coaptation of the fragments.

They are a splendid means of fastening the bone graft to the

spinous processes, as is necessary in the operation advanced

FIG. 4. «, TRANSVERSE SECTION OF BONE ; b, LARGE BONE
GRAFT IN APPOSITION TO FRAGMENT FROM WHICH
PART OF CORTEX HAS BEEN LIFTED TO PERMIT
BROAD CONTACT ; GRAFT HELD IN PLACE BY BEEF-
BONE SCREWS THROUGH THE OPPOSITE CORTEX

;

c, INLAY GRAFT; BEEF--BONE SCREW PLACED
THROUGH GRAFT AND THE OPPOSITE CORTEX

by Alhee for tuberculosis of the spine, and are the only means
known to me whereby proper bony approximation can be as-

sured (Fig. 3). They are not so ideal in delayed union or for

ununited fractures. It has been my experience that in frac-

tures of these two groups, it is best to accept no compromise

but to employ a large graft so that when the operation is

completed there is from 20 to 25 per cent more bone in the

FIG. 3. AT LEFT, ROENTGENOGRAM OF UNITED FRACTURE
OF LOWER THIRD OF TIBIA AND FIBULA OF EIGHT
YEARS' STANDING IN A WOMAN, AGED 20. AT RIGHT,
FIXATION OF SAME FRACTURE BY MEANS OF FOUR
BEEF-BONE SCREWS, AND PIECE OF ENTIRE THICK-

NESS OF FIBULA FROM UPPER FRAGMENT.
PLACED AGAINST FRAGMENTS OF TIBA

fractured region than is normal (Fig. 4). When we are deal-

ing with a case of long standing nonunion of the humerus

or of the bones of the forearm, the bones are often osteoporotic

and smaller than normal. In such cases every surgeon of ex-

perience has seen his inlay or intramedullary grafts thin out

and finally break at the. line of fracture. The absorption of

the graft takes place so rapidly, or perhaps it would be better
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to say that the deposition of new bone is carried on so slowly,

that the graft is partially absorbed and cracks on slight stress,

and a technically well performed operation in a properly se-

lected case is discredited. In such a predicament the sur-

geon should not be dismayed and give up all hope of obtaining

union, but he should at once see that the part is thoroughly

immobilized for at least two months more. In the majority of

cases, and particularly if the transplant has been of good size,

union will occur. I believe that the excess of bone elements

brought to the devitalized area is an important causative fac-

tor in bringing about union, and this is my reason for so

strongly emphasizing the large graft. If the roentgen ray dis-

closes very marked osteoporosis of the fragments, exercises

should be instituted prior to operation, regardless of the frac-

ture, because it is only by this means that the osteoporosis

will be overcome. Many failures to obtain bony union are

due to operating on bones that are far below par in bone salts

and bone forming elements. Obviously, the simplest way to

prevent a fracture of the transplant is to place a very large

graft, and by this I mean large in diameter as well as in length

(Fig. 4, &). The discredit of the bone graft found in some of

the recent writings, particularly from abroad, is more than

likely due to the author's experiences with fracturing of the

grafts, the cause of which is probably the use of too small

transplants.

The technic of the inlay graft will not permit the placing

of a very broad piece in the fragments (Fig. 4„ c). On ac-

count of failure and accidents with the ordinary intramedul-

lary and inlay grafts, and the belief that it is most important

to place more bone in the fractured area than is normally

there, it has been my custom for some time to proceed as

follows: The bone ends are carefully freshened so that as

broad an area of their surface as possible will be in firm con-

tact. The medullary cavity in each fragment should be opened.

From one-fifth to one-fourth of the entire thickness of the

bone from each fragment on one side is removed for a goodly

distance above and below the fracture. This should not re-

move the entire cortical wall. The graft, which is a piece of

healthy bone from the tibia or the entire thickness of the

fibula, flattened on one side, is greater in thickness than the

amount of bone removed from the fragments, and is placed

against their freshened surfaces, the ends of which are in

firm apposition and the medullary cavities in line. It is held

in place by two or more beef-bone screws through the graft

and through the remains of the proximal cortex and the

opposite cortex of each fragment (Fig. 5).

SUMMARY.

1. Beef-bone screws are a great aid in securing firm fixa-

tion of the bone graft to the fragments in fractures, and of

the graft to the spinous processes in the operation for fixation

of the spine.

2. They are well tolerated by the bone and are gradually

but completely absorbed.

3. Bone screws have not the strength of metal and must not

be expected to stand great stress. Careful provision must be

made for postoperative fixation of the extremity.

4. Drills, taps and wrenches of the proper size are essential

for the placing of beef-bone screws.

5. The bone graft as commonly used in the intramedullary

and inlay methods is too small. Fracture of the graft rarely,

if ever, occurs if the graft is large enough so that when the

operation is completed there is from 20 to 25 per cent more

bone in the fracture area than there is normally.

that the curative action is not due to the citric acid of the

lemon but to the vitamines contained in the fruit. These

investigators eliminated from lemon juice the citric acid and
the other organic acids it contains and found that the residue

still contained the major portion of the anti-scorbutic sub-

stance. Their methods were described in the Bulletin of the

Agricultural Institute of Rome for December, 1919.

The lemon juice was first treated with calcium carbonate

and then with alcohol and the filtered liquid, to which was
added 1 gram of citric acid per liter, was then evaporated

to dryness in a vacuum at a temperature below 40 C
C. The

dry residue obtained was found to be a very active remedy for

scurvy when taken into the alimentary canal. It proved in-

active in the form of subcutaneous injections even in large

doses. When swallowed it possesses great curative power

but no preventive power. The investigators succeeded in cur-

ing a monkey suffering from an advanced stage of scurvy by

the aforesaid dry residue of lemon juice.

It is evident that such a preparation might be of great value

to travelers by sea or land liable to be unprovided for long

spaces of time with the fresh fruits and Vegetables from

which most of us obtain the necessary supply of vitamines.

LEMONS AND VITAMINES.

It has long been known that the juice of lemons and

oranges and of the citrus family in general form an excellent

remedy for scurvy, that much dreaded disease which was a

former scourge of sailors upon long voyages. Recent experi-

ments made by Mr. A. Harden and Mr. S. Zilva have shown

INCREASING LEAF GROWTH BY PERFORATING
THE ROOT.

Prof. Mario Calvino, the director of the Agronomic

Station of Santiago de la Vegas, in Cuba, has recently

devised a novel device to be applied in intensive horticul-

ture. This consists in making a horizontal perforation in the

primary root in order to obtain a more luxurious development

of the foliage in those plants which are cultivated for the sake

of their leaves, cabbage, lettuce, parsley, chicory, etc. Ex-

periments on parsley caused the plants thus treated to attain

a diameter of 80 cm. and a height of 40 cm., while the control

plants had a diameter of only 55 cm., with a height of 30 cm.

Prof. Calvino has also made some interesting experiments

in the direction of increasing the yield of plants by certain

injections. The Russian botanists were the first to study such

effects, but it was Prof. Petit of Paris who first applied the

method in agriculture. When Prof. Calvino held the position

of Director of the Central Agronomic Station of Mexico, he

undertook in 1912 a series of experiments to determine the

practical value of such injections. An old pear tree which

blossomed freely every year but never bore fruit was sub-

jected to the following treatment : at a short distance above

the ground the trunk of the tree was perforated as far as

the zone of the fiber-vascular bundles, and a small glass tube

was inserted in the hole ; this tube communicated by means
of a rubber tube with the bottom of a receptacle placed at

1.5 m. above the ground and containing a nutritious solution

consisting of 18 liters of water plus 19 gr. of iron sulphate

plus 10 gr. of sodium nitrite. The tree completely absorbed

the solution in about three days' time. The following month
its leaves were found to be larger and more glossy than those

of the control trees (two other old pear trees, which likewise

blossomed abundantly but bore no fruit) and it proceeded to

bear a considerable amount of fruit.

In 1913, Prof. Calvino experimented with another sterile

pear tree but with the following solution : 20 liters of water

plus 5 gr. of super-phosphate plus 5 gr. of sulphate of phos-

phate plus 5 gr. of sodium nitrate plus 5 gr. of sulphate of

iron. The pear tree absorbed more than 50 liters just before

it flowered ; it blossomed vigorously and bore fruit.

This method of treating plants opens wide vistas. Thus it

may be possible to inject in the plants the attenuated virus of

bacterial organisms or to inject vegetable products such as

camphor, etc., in order to produce more vigorous vegetation or,

finally, to inject a solution of the substance yielded by the

plant. Thus sugar might be injected into the sugar cane in

order to create "the habit of the substance," thus obtaining

more productive varieties.
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Dancing Birds

The Art of Courtship and the Play Impulse

By Dr. Kurt Floericke

LIKE the art of song that of the dance is employed by

many birds primarily in the courtship of the female

—

perhaps indeed the latter art is even more useful as an

aid in the conservation of the race, and it is found employed

as a means of courtship and of the showing off of the male

before the female in all kinds of birds. Secondly the dance,

like the song, constitutes a challenge to a rival for the fighting

of a duel, and on this account frequently ends with a more

or less serious combat. Just as many birds, however, continue

to sing not only in the mating time but more or less as an

expression of well being, there are many birds who exercise

the art of the dance at all times of the year merely to give

expression to exuberance of mood, and, strangely enough it is

often the most serious and dignified birds who are thus seized

by the demon of the dance. Thus the crane, the king of the

swamp birds, who is usually so stately and dignified is at

times seized by a whim of the most extravagant abandon.

When this happens the long legged fellows hop about, assum-

ing the drollest positions whirling about their own axis and,

in short, executing a regular dance, which excites irrepressible

laughter in the beholders. In their enthusiasm the big birds

take up stones or bits of wood from the ground and sling

them over their shoulders, then seize them again in their

heaks ; they raise their wings and altogether behave as though

they were mad, yet without sacrificing any of the grace and

beauty which belongs to them.

The biggest bird of all—the ostrich—is a most indefatiga-

ble dancer, particularly enjoying the waltz—and a quick

waltz at that ! The huge camel Decked bird whirls about

with such mad rapidity that the spectator actually feels dizzy.

In fact the birds themselves occasionally become so dizzy that

they fall to the ground, sometimes breaking a foot.

The moor cock is another dancing bird from which the

peasants of upper Bavaria have borrowed their famous "flat

Translated for the Scientific American Monthly from Kosmos
(Stuttgart), January, 1920.

shoe dance" (clog dance). When this brilliant black bird

with his red rimmed eyes and his beautiful lyre-shaped tail

comes forth in early dawn upon the dewy meadows to woo
his mate he first utters curious harsh cries and then a sort

of muffled gobbling sound which increases in rapidity, until it

becomes a wild hurly-burly in the midst of which certain

crowing tones can be heard now and then. At the same time

the tail is spread into a fan while the wings are raised and
held away from the body, while (he head and neck, with ruffled

feathers, are stretched forward ; then the cock jumps hither

and thither, turns himself about in circles and presses his

head so close to the earth that in course of time he actually

rubs away the so-called '"chin feathers." Madder and madder
grows the ecstasy of this wondrous bird, wilder and wilder are

his motions, until one might think he was fairly crazy. If

a second cock happens to cross his path at such a moment a

heated duel ensues, which is, however, harmless in spite of

the fury of the combatants. Many other gallinaceous birds

behave in a similar manner. The gold pheasant, for example,

is an elegant exponent of the art of dancing the minuet. He
trips back and forth before his would-be mate in the most
graceful positions . . . inflating his gorgeous neck and seeking

by means of graceful turns and twists to display his beauty

to the best advantage before his chosen one. Sad to say

when his wooing succeeds he turns out to be an exceedingly

brutal husband, as has been known to occur in the case of

human beings!

"The mirror peacock" of Borneo, whose back and wings are

adorned with brilliant green feathers edged with (bright

violet, not only dances but constructs regular dancing floors

so to say, since he selects in the midst of the forest at some
very lonely place a suitable spot of ground and entirely

clears it of all vegetation for a space of about one square

meter so that it resembles a newly made tennis court ; in the

middle is a small elevation upon which the cock stands to

dance and display his gorgeous plumage. Among these birds

15
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the fighting between rivals is very violent and often ends

with the death of one of the combatants, since these birds

are armed with two strong sharp spurs upon each foot.

The argus pheasant found in Sumatra behaves in the same
way. This bird is familiar to nature lovers through the

extended description made of him by Darwin. . . . This bird

is distinguished from all other kinds of birds by the fact

that the fore pinions are very short whereas the brachial

pinions are extraordinarily

elongated being at the same
time broadened toward the

end and weak of shaft. These

remarkable feathers, whose
ground coloring is a beautiful

mahogany brown, are deco-

rated with large iridescent eye

spots with a light border sur-

rounded by a darker tone

;

this peculiar effect of light

and shade gives a really sur-

prising impression of a three

dimensional plastic curving

or arching. This stately bird

is extremely shy of men and
lives in the deepest solitude

of the forests. Here each

male bird builds his dancing floor, which he takes the greatest

pains to keep neat and of which he appears to be very proud.

Such a dancing floor has an area of from six to eight square

meters and the bird carefully removes any bit of dirt and every

dead leaf which may chance to fall upon it. Except when seek-

ing food the argus pheasant remains constantly upon this dan-

cing place, which, therefore, constitutes his dwelling, in a cer-

tain measure. So far as I know the dance itself has never been

seen by human eyes, since these birds, whose far resounding

cry lures the hunter to seek him, always slips silently away
just in time to avoid the coming of the human being whose
presence he has detected through his keen senses.

The strutting and tripping dance of the domestic turkey

and peacock are familiar enough, but the wild progenitors

of both these birds found in Mexico, North America and in

the Sunday Islands and in the East Indies execute a beautiful

dance in which the tail is spread wide, to display its full

beauty. ... It must be a wondrous sight indeed to observe a

scene in wild nature when a dozen or more peacocks spread

their gorgeous tails and execute their dance steps. At the

slightest disturbance the tails are instantly folded and the

birds shoot like gleaming arrows through the sun-bright air.

During his courtship and the continuing dance the turkey

utters his well-known gobbling sound, at the same time scrap-

ing his wings upon the ground and strutting about the turkey

hen until he has won her favor.

The plover is a very elegant dancer. It begins by hovering

about the desired mate on the wing, at the same time per-

forming the most incredible twists and turns, throwing itself

FIG. 1. THE OSTRICH IN ITS DROLL WOOING POSTURE

from one side to the other and actually turning somersaults in

the air, so that the spectator sees first the dark green feathers

of the back and then the white belly of the bird. Finally it

rushes down to the ground but does not immediately approach

its mate, but stands off from her at a little distance and
greets her with rapid bowing motions in quick succession

;

then follows the actual dance during which his lady love

cheers him on by uttering a peculiarly disagreeable screech

;

then the male, still continuing

his dance, seizes a bit of grass

or straw and throws it behind

him with a graceful gesture

as if delicately signifying that

it is time to begin the build-

ing of the nest. The excite-

ment shown by the male is

finally imparted to the female

until slie too begins to re-

spond by uttering cries and
taking dancing steps until the

pretty play comes to an end.

In Central Asia I also saw
the "stilt-runner," an elegant

little snipe with incredibly

long red stork legs, executing

its hopping dance with hori-

zontally outspread wings ; because of the long legs of this bird

the dance looks very comical and awkward. While our com-

mon snipe {acolopax gallinago) carries out its courtship en-

tirely in the air, making meanwhile the well-known goat-like

bleats which characterize it, its near relative, the Gallinago

media, does its wooing upon the ground. (Fig. 2.)

In the evening twilight S or 10 of the males or even

more gather regularly vipon the same spot in a marsh
meadow which can be recognized as their dancing floor by
the downtrodden grass. The females stand around as specta-

tors while the males dance back and forth before them with

their plumage ruffed up while they alternately spread and

close their tails like a lady's fan, at the same time uttering

soft and tender notes interrupted by violent snapping of their

bills, and showing by their whole demeanor that they are in a

condition of rapturous exaltation.

The stately curlew I have also learned to recognize as a

dancer and dancing the galop at that ! This bird runs

rapidly forward in a straight line with head and neck pressed

close to the earth while uttering an almost unbroken suc-

cession of its magnificent flute-like trills.

Social dances are executed by the splendidly plumaged

Tanager (Tanagridae) birds in the primeval forests of South

America. Almost each kind has its own peculiar dance. One
of these reminds one strongly of the well known children's

game "puss in the corner." A number of birds take their

places at definite spots while one of them stands in the middle

and sings. When a certain note is heard in bis song all the

birds instantly change places, trying to secure another location.

FIG, 2. SNIPES AT COURTSHIP FIG. 3. DANCING CRANES FIG. 4. BUILDING A DANCE BOWEK
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The one left out proceeds to the center and begins to sing the

same song.

THE PLAY IMPULSE.

This example is evidently an instance in which the dance
becomes an expression of the delight in play, which is an ex-

tremely strong instinct in birds, on which account the owners
of caged birds should take care always to give their pets

some opportunity to exercise their playful activities. One
need only observe a troop of sparrows who have found a

smooth slide somewhere to see how they make merry with it.

Likewise in the primeval forests of South America but
exclusively in well watered rocky valleys of the mountain
side lives the marvelous helmet crowned and scarlet clad

cliff bird. As we know from Schomburgk's classic representa-

tions this bird makes use of flat rocks as dancing floors.

Upon such a place great numbers gather while one of the

males executes a solo dance during which it makes all sorts

of playful motions, scratching the hard rock with its feet

and spreading its tail into a fan. When it becomes tired it

utters a definite cry never heard at other times and makes
way for a new dancer to entertain the crowd ; the females
meanwhile receive the retiring performer with loud cries

of applause.

Our lapwing handles his fan in a masterly manner while
dancing. His fan is not his tail but the beautiful crown
of feathers which adorns his head and which he knows how
to close and half close with the greatest grace while wooing
his mate with tripping dance steps.

A very graceful dancer, too, is the mourning stonechat which
I have often observed with the greatest delight in the wildest

mountain regions of Spain, where this bird, whose plumage is

intensely black but relieved by the dazzling white of his vary-

colored tail feathers, lends more vivacity than any other crea-

ture to the melancholy sunburnt landscape. He dances trip-

pingly about upon the cliffs, constantly changing his position,

however, and one never grows tired of watching his nimble and
graceful movements.

Most kinds, too, of the "love birds," those gay little tropical

birds which were so popular among our bird lovers before the

war, and were successfully bred by some of them, must be
counted among the dancers. Many of them have the same
habit as that of the plover of seizing a bit of grass or straw
in the beak while dancing and many of them, too, perform a

series of rapid and energetic bowing motions. Among most
of them the dance consists merely in an incessant hopping up
and down upon the same spot, accompanied by a monotonous
and unattractive sing-song sound.

Among the marvelous paradise birds of New Guinea the

special object of the dance is to display the fabulous beauty
of the male. The bird places itself upon the dry top of sin

old tree—often many of them at the same time—and utters

peculiar quacking sounds, while at the same time opening and
shutting the splendidly colored tufts of feathers at his sides

and erecting the long and waving ornamental feathers until

they look like a comb. It is a magnificent sight and the bird

always endeavors in the most vigorous dancing to preserve

from injury the delicate plumes which adorn him. A very

remarkable biological observation in regard to this has been
recently made to the effect that since the males are shot in

such large numbers because of their valuable plumes there

has come to be an excess of females, in consequence of which,

in a great many cases, the female takes the active part in the

courtship instead of the male. To be sure the female paradise

bird is a most uncomely and unattractive creature and so

her dance is lacking in that intriguing charm which surrounds

the male clad in his glorious plumage.

Among the relatives of the paradise bird are the bower birds

found in Australia and New Guinea, which are remarkable in

that they erect real dance bowers of leaves and seem to at-

tach great importance to the decoration of these places. The
silk bower bird, for example, builds upon the ground in some

lonely spot in the wood a roof-like bower out of twigs, etc.,

which has an open entrance on each side (as shown in Fig. 4).

The walls of this structure are decorated with all

sorts of gay ornaments, such as parrot feathers, red berries,

green moss, bright flowers, etc., which are always replaced

by fresh ones when the original ones have withered, while the

old material collects in a rubbish pile behind the bower. At
the front door of the bower a special decoration is placed
composed of bright colored mussel shells, bones bleached
white, prettily colored stones and pebbles and glittering and
unusual articles of all sorts, often in really astonishing quan-
tities. Likewise in the still more artistic bower more than a

meter long built by the Kragenvogel there is not infrequently

found half a bushel of bones and mussel shells. In their

choice of these decorations the birds are very fastidious and
it has been discovered from an examination of the shells

found that they are sometimes brought from a distance of a
mile or more. The bower birds, like the bird of paradise,

belong to the group of the ravens, and have well marked thiev-

ish instincts like our own ravens. The "gardener bird" builds

itself a circular bower with a spherical supporting column
made of moss while the walls are made of orchid stems. In

front of the bower the bird clears a special dancing floor

and executes his courting dance inside and outside of the

bower until a female is induced to enter.

Among our domestic song birds there are also a few zealous

and admirable dancers. I remember with especial pleasure, for

example, a blue-throated warbler which I kept for a long

time in a cage. During the mating season this bird danced

with its head bent far backward so that the inflated blue

neck was beautifully displayed ; the tail was spread into a fan

and the wings were held downward while the performer turned

round and about in the rhythm of a waltz. The most curious

and remarkable thing about this bird was that it quite ob-

viously took great pleasure in having me share its dance, so

that when I wished to incite it to dance I had only to do a

bit of dancing myself in front of its cage. This graceful exer-

cise was usually ended by the gift of a special dainty in the

form of a nice fat meal worm to my dancing partner.

THE COURTING ANTICS OF THE FLY.

An entertaining account is given by a German naturalist,

named Erwin Lindner, of the curious "dance" made by a fly

(Chloria demandata Fabr.) which he happened to see on a

sunny garden bench in Semendria. The time was five o'clock

in the afternoon, November 1st, 1917. The female fly was
resting upon the bench occupied apparently solely with making

her toilet. The male fly, on the contrary, was obviously in

a state of great excitement, executing a mad sort of dance in

front of his would-be mate. Now he would stand off at a

little distance from his lady love with his head turned toward

her, and now he would encircle her several times, dancing

about her at a distance of a few centimeters. Usually, how-

ever, not completing the circle—but before finishing it—run-

ning in the direction of a chord of the circle toward her head,

stopping short then, for an instant, and making some remark-

able sidewise movements. Finally, he raised the left front

leg and rapidly stroked the head of the female with it. Then

he made another circle about her head, repeating this a great

many times with increasing rapidity. The female remained

motionless most of the time but suddenly rushed at the male

seizing the end of his body with her forelegs, apparently

striving to hold the male fast while he struggled to get away

but without moving his wings. Then the two separated, the

female went back to her old place and the male began his waltz

about her once more. First he danced about her, then swiftly

turned about, ran toward her, raised his left wing so that its

point almost touched her and waved it rapidly. The female

ran away repeatedly followed by the male, but always came

back to her former place, until the courtship was finished.



Producing Flies with Horns*
Remarkable Experiment in the Artificial Modelling of the Chitin

By Rene Merle

AT a meeting of the Academy of Sciences which took

place upon the 10th of last November, Professor Cuenot

of the Faculty of Sciences of Strasbourg presented a

very interesting note upon the reciprocal adaptation of the

forelegs and the head among the Phasmids.

It is a matter of common observation that in a large num-
ber of these insects the upper portion of the forelegs is hol-

lowed out on the side next the head. During the daytime

while the insect is at rest the forelegs are extended towards

the front and clasp each other in the line of the body, thus

forming between them a narrow, rigid sort of trough in which

the closed antennae rest. In this position the aforesaid curve

of the thighs (femurs) exactly fit the outline of the head

beneath the eyes, which remain uncovered. The two other

pairs of legs do not have this shape. This peculiar formation

is found not only in the

Phyllida, but in the Bacillae

and the Carausius. In all of

these the adult insect fre-

quently extends its forelegs

with the head hidden between

them, thus looking like a bit

of stem ; it has been supposed

that this attitude helps to con-

ceal the insect from the eyes

of its enemies, and conse-

quently to protect the species

;

this, in fact, is one of the

most commonly cited in-

stances of protective mimicry.

There has been a good deal

of debate with regard to the

mechanism of this neatly fit-

ting curve in the forelegs for

the reception of the head and
antennae, a peculiar "form

which exists from the very

moment of birth, when the

young creature issues from

the shell.

Professor Cuenot points out

that even if the clasping of

the forelegs is a detail which
is of some utility with regard

to defense, it is nevertheless

quite evident that this utility

could not have existed

until the shape of the legs had attained its present

state of perfection, whereas it is impossible to con-

ceive of a process of slow variations during which the law
of selection would favor those individuals whose legs, b.v

reason of some chance variation found it possible to appreach

each other near the median line. This, in fact, is the very

argument raised by objectors to Darwin's theory of the con-

structive role played by natural selection, an objection based

upon the idea of those organs which are of no use until they

have arrived at a perfect state. It is obvious that the early

stages must have been entirely without utility, and, consequent-

ly, could have played no part in determining natural selection.

"Neither is it possible to believe in some chance mutation

which happened to produce the mutually adapted arrangement

of the legs and head, followed by a selection favoring the

mutants as being better protected than the non-modified

Phasmids.

•Translated for the Scientific American Monthly from La Nature
(Paris).

ARTIFICIAL, AND NATURAL MOLDING OF THE CHITIN

1. Normal head of the FucelUa caritana. 2. Head after artificial

formation of horn. 3. Curved forelegs fitting around the head of a

phasmid.

"For their part, the Lamarckists would say that the Phas-
mids, experiencing the need of clasping their legs together

in front of them, made such strenuous efforts to accomplish

this that the comparatively plastic anterior femurs became
curved by pressing against the head, and that after a certain

number of generations this curvature became fixed in the

ontogenesis, so thoroughly as to appear in the embryo at the

present time without any connection with the mechanical

cause which occasioned its development in the Phasmids after

hatching."

As a matter of fact, neither of these interpretations is satis-

factory and as it happens the real cause of this phenomenon is

far more simple. This curvature of the legs does not exist

in the embryo : it makes its appearance only after the in-

dividual has been hatched from' the shell and is occasioned

by a very simple mechanism
closely studied by M. Cuenot

in the Carausius morosus. At

the moment when the insect

escapes from the shell its

body curves upwards and the

top of this curve makes its

exit first, the head, antenna3
,

the legs, and the end of the

abdomen remaining still with-

in the shell. The region of

the head then disengages it-

self, but remains wedged be-

tween the thighs of the fore-

legs. At this moment the

chitin of the legs is still soft,

whereas that of the head is

already considerably harder.

Consequently the head makes
an impression upon the chitin

of the legs and these become

molded to fit it. When the

insect has completely emerged

the chitin becomes tough and

resistant everywhere, but by

that time it has already ac-

quired the remarkable form

which has caused the shed-

ding of so much ink. It is

evident, therefore, that the

perfect adaptation which ex-

ists between the shape of the

legs and the head and antennse which they surround

has no decisive significance ; it is merely a molding of the

chitin which takes place during the act of hatching.

As a result of these observations Professor Cuenot holds

that "this phenomenon is due to a fortuitous mechanical ac-

cident, entirely independent of any question of utility or of

custom ; the animal takes advantage of this accident to assume

during the daytime a special attitude which happens to be

convenient for repose, or advantageous from the point of view

of camouflage ; but it must be remembered that it is the

mutually adapted arrangement of the head and legs which de-

termines the attitude and not the attitude which occasions

the arrangement."

This peculiar plasticity of the chitin at the instant when

the metamorphosis takes place has attracted too little at-

tention heretofore. It is, however, a very remarkable cir-

cumstance, for Professor Mercier of the Faculty of Sciences

of Caen has been able to make use of it to produce actual

monsters, horned flies, as related by him in the Comptes

18
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Rendus of the French Society of Biology, November 29, 1919.

He happened to find in the littoral zone at Lac-sur-Mer

certain Diptera, the Fucellia caritana, among which one in-

dividual had a small horn between its eyes. In order to find

out what could have produced this malformation he attempted

to reproduce it experimentally. For this purpose he placed

pupae of this insect in small glass tubes of such a diameter

that an adult fly could not turn around in them, the tubes

being closed at each end by a plug of cotton wadding.

"After hatching," says he, "the flies which had issued from

the pupae sought to make their exit from the tube. They

blew up their frontal vesicle and inserted it between the plug

of cotton and the wall of the glass tube, endeavoring thus to

open a passage way. The vesicle could plainly be seen to ex-

pand and then to contract. This action continued for five

or six hours at the end of which time, under the influence of

the phenomena of oxidation which occur, the chitin which

covers the body assumed a deeper tint of brown and became
more tough and resistant. The contractions of the frontal

vesicle became less frequent and less rapid, until a moment
occurred when the vesicle expanded for the last time, but was
too stiff to contract, and, therefore, remained in the form of a

small protuberance which finally became an actual horn."

Here then we have another case in which the chitin is

shaped into a definite form while still plastic, but this time the

form is of no use to the animal.

These two observations occurring almost simultaneously

show how much there is still to be learned with regard to the

metamorphoses of insects. A study of the mechanical condi-

tions involved in the act of hatching would certainly reveal

numerous facts of the same kind and throw much light upon

these questions of mimetism and of adaptation upon these

problems which are still so obscure and often so poorly

formulated.

Artificial Siamese Twins*
Remarkable Results of the Experimental Union of Two Animals

By Dr. Max Heyde

THE term "Parabiosis" is the name given in 1908 by

Sauerbruch and Heyde to a form of experiment in

which two animals of the same kind were united by
means of an operation. The technique of this artificial union

was managed as follows : The skin of the animal was split

along a line running along the right or left flank from the

upper foreleg to the hollow under the shoulder, and the

skin was then separated from the tissues beneath so as to

be movable. In most of the experiments the abdomen was
then opened and the edges of the peritoneum sewed together

in the usual manner of an intestinal anastomosis. In another

series of experiments the investigator avoided this operation

and contented himself by making a continuous lateral seam
between the muscular layers of the rump and uniting the

edges of the skin above and below this union of muscles. It

was found unnecessary to make use of a bandage to retain the

position, all that was required being to keep the two animals

for a short time in a narrow cage.

The healing of the wound thus made occurred in from eight

to twelve days. In certain cases where there had been a

neglect of the proper conditions there occurred sloughing off

by means of suppuration, and in some instances this made its

appearance even after a week of apparently good results.

From a histological point of view the healing of the wound
was remarkable for the comparative strength of the granu-

lation tissue formed upon each side. This fact is probably

to be referred to the effect of a foreign body. After a longer

duration the parabiosis exhibits only a narrow white scar at the

place of union, which can be recognized in a microscopic

section by means of a slight sub-epithelial lymphocytic infil-

tration and by the lack of the hair follicle and its glands. In

the earlier stages of the process of healing a direct uniting

can be observed taking place between the ends of the capil-

laries of the two animals. It was observed, too, after the

separation of the living animal from a partner which had died,

in which case a little bit of the tissue of the dead animal

had been retained, that there was some genuine bleeding from

the blood vessels in the neighborhood of the place of union.

The union between blood vessels is shown with especial

beauty in the injection preparations made by Goldmann and
Zapelloni, so that there can be no doubt of a direct communi-
cation between the blood vessels in spite of the opposite view

held upon this point by Morpurgo, Ranzi, Ehrlich, and others.

A union by means of the lymphatics is incontestable. Fur-

thermore, there is a direct exchange of the fluids of the body

"Translated for the Scientific American Monthly from Die Natur-

wisscnschaften (Berlin), February 5, 1915.

between the two animals in the case where the abdominal cavi-

ties are united. Finally, it is possible that there is also a

certain amount of diffusion from the capillary loops. On
the other hand, nerve connections are entirely lacking, it re-

sults from this that these series of experiments are chiefly

adapted to throw light upon pathological conditions upon

questions concerning some toxic effect, where the reflex ac-

tions are excluded.

The united partners, therefore, form to a certain degree

a single individual similar to the occasional freaks observed

in nature, such as the Siamese twins, or the Blaczek sisters,

whose case attracted general interest some years ago by rea-

son of the pregnancy of one of the sisters.

All these experiments may be considered as falling in general

under the head of grafting of tissues, and their final conse-

quences represent the grafting of an entire organism upon

another instead of a limb, a tissue or an organ. But these

experiments of ours differ from all former ones by reason

of the fact that by means of this parallel union between two or-

ganisms we obtain a means of investigation assisting us in

the study of the widest variety of problems in the realms

of clinical and experimental physiology and pathology.

It was not by mere chance that we were unable to carry

these experiments further. At that time the knowledge of

the conditions required for the successful transplantation

or grafting of animal tissues and organs was still very limited.

It was especially true that the conditions involved in ex-

periments upon the usual animals employed for research, ap-

peared considerably more complicated than in the case of lower

forms of life, among which analogous experiments have often

been conducted by zoologists such as Korschelt, Joest, Cor-

rens, and others. Indeed, it is not very long ago that the

possibility of transplanting tissues of a different kind from

an animal to a human being was seriously debated, as was also

the question of heterogeneous blood transfusion. Growing

experience, supported by careful observation (Landois), has

indicated the futility and even danger of such practises. Re-

cent studies have shown us that heteroplastic experiment is

practically never successful, while homeoplastic experiment,

in the case of the grafting of tissues from one human being

to another, is only occasionally successful. As a rule it far

more often happens that the transplanted portion perishes

and is either absorbed or sloughed off by means of granulation

and suppuration. (Upon this point the interested reader may
consult Schorne. Die Heteroplastische und homoioplastische

Transplantation. Springer, Berlin 1912). Sometimes indeed

in such cases, there is an injurious effect in the form of
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a toxic action upon the grafted subject. This fact is probably
to be explained by modern views as to the chemistry of al-

bumens and the use of serums. These teach us that the higher
organisms represent thoroughly individual biological entities,

which refuse to permit any heterogeneous element to remain
in their community of cells. However, these limitations due
to individual peculiarities have been broken down in a very

remarkable manner by means of our series of experiments in

parabiosis. By means of this we succeed in forming a
definite union between two of the higher animals for a long

period of time.

It follows as a necessary result of this experimentally ob-

tained condition that after the healing of the wound the ani-

mals thus connected must exert a mutual influence upon each

other. From the anatomical and physiological point of view
they remain separate individuals so far as their special func-

tions are concerned, yet at the same time they constitute a
new individual entity.

Attempts have not been lacking to make this union even
more intensive by making use of the modern methods em-
ployed in the surgery of the blood-vessels. Not only Hedon,
but more especially Enderlen and his collaborators have ex-

perimented along this line. Particularly interesting was the

discovery that after the uniting of the artery and the vein

at the neck no reciprocal toxic action of the companions was
perceptible. If a thrombosis occurred at one point of the seam
one of the animals lost all its blood to the other. Enderlen
considers it improbable that there is a homogenization of the

two individuals in the sense that biological differences in

the plasma of the cells of the body are wiped out. But it

must be remembered that in these experiments the duration

of the union was very brief. The mutual interdependence of

the two animals was exhibited by various phenomena worth
mentioning. The death of one inevitably caused the death

of the other. A sloughing off of the dead from the living by
means of suppuration never took place. Such phenomena as

increasing weakness, signs of irritation, and even at times

convulsive movements (cramping) are to be regarded as due

to the absorption of the toxins formed. This corresponds to

the fact discovered that various substances when introduced

into the body of one of the partners soon began to take effect

in that of the other.

Another thing observed was that after such artificial Siamese

twins had been united for some time serious disturbances

of nutrition took place which were entirely independent, as

Morpurgo has shown, of the food taken. They are first ex-

hibited in the differing rate of growth of the two components.

Later grave alterations occur. While one of the partners

develops with remarkable rapidity the other displays signs of

intensive starvation. The layer of fat disappears, that of

muscles grows continually weaker, until finally the feebler

partner resembles a mere appendage upon the stronger one.

Morpurgo and Schoene remarked the same thing. The former

observed in a male and a female rat thus joined, and which

previously exhibited little difference, that 19 days after the

operation the stronger animal was UV2 cm. long. The skull

of the first was 38 mm. long and 20 mm. wide, while that of

the second was only 34 mm. by 16 mm.
These observations are all the more remarkable since a

primary difference due to the taking of different amounts of

food was carefully avoided. Accurate experiments by Mor-

purgo and Lombroso have proved that aside from a slight ex-

change of nitrogenous substances a reciprocal mingling of

nutritious materials does not take place. It was always

found, too, that the duration of life and the loss of weight in

a starving partner did not differ from the same phenom-

ena in a starving individual not thus united. The fact of

this strikingly different rate of growth, therefore, must be

regarded as connected with the condition of parellelism, as

has sometimes also been found the case in instances of human
freaks. In these likewise we often see the state of health

grow continually worse, while the other develops with un-

common vigor. In such a case the well-developed partner
behaves like a parasite upon the weaker member of the union.

Ehrlich, Sauerbruch and Heyde have sought to explain this

surprising state of affairs by means of the researches with
regard to athreptic immunity. According to this view the
phenomena can be explained by supposing that the animal
which is the stronger one to begin with draws towards its own
body certain substances "required for its development—perhaps
also the elements of nutrition in general—and thus to a cer-

tain degree passes sentence of death by starvation upon its

companion. But even if we admit this possibility to be cor-

rect it by no means explains the frequent occurrence after

a short time of violent disturbances of health, especially in

rabbits and guinea pigs, which exhibit all the symptoms of

a case of acute poisoning.

It is noteworthy in this connection that, according to the

researches of Eller, the serious clinical symptoms which ap-

pear include alterations in the blood which must probably be
ascribed to toxic influences. Such cases give the impression

that the two animals are not biologically suited to each other.

Differences in the composition of the albumen and a high

degree of sensibility with respect to intestinal (parenteral)

assimilation of such substances may probably be looked upon
as the cause of such pathological symptoms. As to whether
any anaphylactic effect is concerned herein cannot certainly

be stated at the present time.

In order to exclude these biological differences between two
parabiotic animals so far as possible, thus avoiding one

source of possible ill success Sauerbruch and Heyde advise the

experimenter to make use as far as possible of animals of

the same sex and the same litter. In any case they hold that

these precautions lead to better and more uniform results.

CHIEF FEATURES OF THE SERIES OF EXPERIMENTS

Taking the idea of transplantation or grafting as our start-

ing point it became our first object to discover by means of
this parallelism the extent to which the original condition or

disposition of one of the two companions could be transferred

to the other. Of special importance appears the question

whether a definite alteration can be produced in a given or-

ganism by uniting it with another. If this be true it might

be hoped that surgery would gain assistance from parabiosis.

However, it has not yet been possible to come to any definite

conclusion upon this point. To begin with the idea suggested

itself to test in this manner the conditions required for heal-

ing in the case of grafted pieces of skin, but decisive results

have not yet been obtained by Schoene in experiments along

this line.

Under the same head fall very interesting experiments with

respect to the possibility of transferring immunity from

cancer or susceptibility thereto. At the time experiments

made by Krauss, Ranze and Ehrlich showed that in the

case of parabiosis between a rat having a tumor and a normal

animal the latter did not become affected. Albrecht and

Hecht also found that parabiosis exerted an inhibiting in-

fluence upon the growth of a tumor in a mouse.

Lambert proved that an animal might be entirely trans-

formed by long continuation of the parabiotic condition.

Mouse tumors which ordinarily do not grow upon rats ex-

hibited an' excellent development upon rats joined to mice

by parabiosis.

A number of other investigators have sought to discover

to what extent disturbances in the progress of specific or-

ganic processes in one partner can be recognized in the other.

Especial efforts have been made along this line in the study

of disturbances occasioned by some injury or alteration of

the internal secretions. Most important of these experiments

are those concerning compensation in the case of the kidneys

as carried out by Morpurgo, Sauerbruch and Heyde, and their

collaborators, Jehn and Birkelbach. These experiments have

done even more to explain the cause of uremia than the fact

demonstrated by Morpurgo, that in the case of two united
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rats the kidneys of one partner are capable of functioning

for the other partner for months at a time. We cannot here

elaborate this difficult chapter of our experiments, but will

merely mention that they involve interesting discoveries with

regard to the formation of oedemas, the cause of the hyper-

trophy of the heart and the problem of the internal secretion

of the kidneys.

Sauerbruch and Heyde have also tried to find out whether

it was possible to find an explanation of the beginning of

birth pangs by studying the process of parturition in the case

of two animals thus united. In the course of these investi-

gations they made the surprising observation that shortly

before the beginning of the pregnant animal's throes, the

normal animal became extremely ill, and, indeed, perished

in convulsions while the pregnant animal remained well. The
investigators came to the conclusion that at the end of the

period of pregnancy certain substances, probably of a specific

nature, make their appearance, which are non-poisonous to

animals in an advanced state of pregnancy, but are extremely

toxic to normal animals, occasioning a violent death. They be-

lieve too, that these specific substances are capable of occa-

sioning abortion at the beginning of the period of pregnancy.

Under the same head, finally, are to be classed the experi-

ments made upon frogs by Harm with respect to the produc-

tion of secondary sex characteristics. Harm based his in-

vestigations upon the hypothesis that the genital glands may
secrete substances which are of importance with respect to

the development of definite sex characters. He also studied

the problems as to whether the influence of the testicle upon the

phenomena of rut depends upon an internal secretion. In

these experiments he united a normal animal with one which

had been castrated. He thus demonstrated that certain

phenomena of sex which are lacking in ordinary castrated

animals, such, for example, as the yellow color of the fatty

bodies and the clasping reflex were retained in the parabiotic

castrate. On the other hand the atrophy of the glands, as

also the tubercles of the epidermis, the so-called "thumb cal-

louses," were not prevented.

While the experiments described above have concerned

physiological problems rather than pathological ones, at the

same time they have thrown light upon the cause of death

from uremia, from severe burns, and from contusions. These

experiments alone have been able to give a definite answer

as to whether temporary pathological symptoms are to be

referred to a reflex or to a toxic action. The proof of the

latter is shown by the illness of the second partner which

had not been artificially injured. These results were parti-

cularly important for the understanding of the causes of

death from burns (Heyde and Vogt) as also death from in-

testinal stoppage (Sauerbruch and Heyde) which were form-

erly attributed to various causes, reflex action especially be-

ing responsible for the first symptoms of disturbance.

We may also mention briefly the work done in this man-
ner with regard to the origin and transference of poisons of

an external nature, the transferability of the tuberculin re-

action or of anaphylactic poisoning and the formation of

anti-bodies (Friedburger).

I trust I have succeeded so far as it was possible within

such limited space in proving that the series of experiments

made possible by parabiosis form an excellent means for the

study of weighty problems—a means capable of leading to

other important conclusions.

Turtles, Terrapins and Tortoises
Reptiles Whose Flesh and Eggs are Prized as Table Delicacies

By May Tevis

Photographs from the American Museum of Natural History

AGOOD many people doubtless will be rather startled to

hear that turtles and their relatives, the terrapins and
- the tortoises are really reptiles. Most persons regard

snakes with both fear and abhorrence, partly because of the

deadly venom so many of their tribe possess, partly because of

their sly, surreptitious methods of attack, and partly no
doubt, because of subconscious associations connected with

the original indiscretion of Mother Eve. Turtles, on the

contrary, are generally regarded not merely with tolerance

but even with. esteem and affection, and this not merely be-

cause of their succulent appeal to the palate but likewise

through subconscious associations somewhat more obscure

in character. Whatever the reason may be, the turtle family

has for centuries been held in high regard in many parts

of the world. Perhaps this is partly because of their very

solid and dependable structure. Is it not in the Upanishads
that the world was represented as resting on the broad and
steady back of a great turtle—surely a more dependable basis

of support than even the mighty shoulders of Atlas? Then,

too, these creatures enjoy a tremendous reputation for steady

determination of purpose and unflagging energy in carrying it

out, as witness the ancient fable of the hare and the tortoise.

In short, they are looked upon as symbols of the eminently

desirable virtues of patience, prudence, and perseverance.

The writer has in fact seen these qualities amusingly repre-

sented in baby loggerheads just out of the shell, scrambling

up through the warm Florida sands which form their incu-

bator, and heading straight for the ocean in spite of various

attempts to divert them or bar their way with obstacles. And
who that loves his Uncle Remus can fail to have a kindly

feeling for old Brer Terrapin?

Then, too, the majority of people consider the idea of

eating the flesh of reptiles as being repellent and even dis-

gusting, whereas the flesh of many members of the turtle

family is a highly prized delicacy. Green turtle soup is famous

all over the world and terrapin are fairly worth their weight

in gold, selling even before the war at the rate of $75 a

dozen for specimens 8 inches long (according to Mr. Dittmar,

though 'the writer has found small ones recently at 75c),

which makes it amusing to recall that they were once so plen-

tiful in the waters of the Delaware that the slaves upon the

nearby Maryland plantations petitioned for relief from a too

constant diet of venison and terrapin.

However, turtles, terrapins and tortoises are true reptiles

according to scientific definition, since they are cold-blooded

vertebrates which breathe by lungs throughout their whole

existence and not by gills during a part of the time as do the

likewise cold-blooded and vertebrate animals, frogs, toads and

other Batrachians. Unlike Batrachians they undergo no

change of form, coming from the egg in the same form which

they retain throughout their lives. Furthermore, the skull of

these animals is joined to the backbone by a single rounded

knob or condyle, which is characteristic of reptiles as well as

of birds, whereas in Batrachians as well as in mammals there

are two of these rounded knobs or condyles. Again in the

great majority of reptiles the skin is covered with scales or

shields, while in most Batrachians it is naked.

CLASSIFICATION.

In the preceding paragraphs I have used the word turtle

somewhat loosely to include their congeners, the terrapins

and the tortoises, and the word turtle is, in fact, generally so

used in this country. Strictly speaking, however, it is better

to confine the word turtle to those members of the Chelonia
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WAX CAST OP A PAIR OP FIGHTING SPOTTED TURTLES

(Greek, Chelonium = a shield) which live exclusively in

water and possess paddle shaped limbs ; the purely terrestrial

members of the Chelonia having club shaped limbs, are

properly called tortoises, while those which live both on

land and in water and possess an intermediate form of struc-

ture are terrapins.

The body of these animals is protected by a bony shell,

usually coveed with horny shields, into which the head, neck,

limbs, and tail may be retracted. This shell is composed of

numerous bones, the principal being expansions of the vertebrae

and ribs, forming the carapace, or dorsal buckler, the neck and

tail being the only movable portions of the spinal column, and

clavicles and abdominal bones forming the plastron or ventral

buckler. The carapace and plastron are usually connected by

a lateral part known as the bridge. Both the bony plates and

the horny shields on the shell afford excellent characters for

the purpose of classification.

In some tortoises and terrapins perfect hinges of elastic

ligament are formed across the plastron, as in the so-called

Box Tortoise, and either the anterior or the posterior lobes,

or both, as the case may be, are movable and close up the

shell. In the genus Cinixys a similar hinge is situated across

the carapace, the hinder part of which is movable.

Regeneration of lost parts does not take place, although, as

Gadow has shown, the injuries to the shell are made good

by new growth of bony and horny tissue, after the dead

portion has been cast off.

A tail is always present, but differs much both in length and

structure, according to genera and species, this organ being

sometimes covered with horny or bony tubercles, while in

many the tip is provided with a sharp, nail-like spur. The
toothless jaws are covered with cutting "horny sheaths which

may be serrated and constitute pseudo teeth. The neck, which

varies much in length, may be either completely or only partly

withdrawn into the shell, in some forms simply sideways

(Pleurodira), or by a sigmoid curve in a vertical plane

(Cryptodira) . The eye is rather small and protected by an

upper and lower lid, and a transparent membrane (the nicti-

tating membrane), which moves horizontally; the pupil is'

always round. The sight and senses of taste and touch are

well developed, that of hearing, however, is very imperfect,

especially among aquatic forms, some of which are devoid

of an exposed tympanum or ear-drum.

All tortoises, terrapins, and turtles lay eggs which may be

round, oval or elliptical, and are generally hard-shelled ; ma-

rine turtles, however, produce eggs, the shell of which is

leathery instead of hard ; they are always buried in the

ground and hatched by the heat of the sun. Hibernation

takes place in the temperate zone, the period varying in length

according to the climate. Aquatic species generally hibernate

at the bottom of the ponds or rivers they live in, or in the

mud on the banks, while the land forms secrete themselves

in the earth and sand, a few constructing regular burrows
which may extend to a depth of several feet.

The food varies according to the structure and the mode
of life. Land forms are vegetarians, those frequenting the

water are either carnivorous or herbivorous, a few only living

on a mixed diet.

Tortoises are remarkably long-lived, the giant forms of the

Aldabra and Galapagos Islands attaining an age unparal-

leled by any other animal.

The order is not a very large one, the number of species of

Chelonian amounting to only just over 200.

LEATHEKBACK TTJKTLE.

The Dermochelys coriacea, of the family Sphargidae, is the

only representative of the suborder. It is the largest of liv-

ing chelonians, and differs from all other turtles, terrapins,

and tortoises in that its vertebrae and ribs are entirely free,

and not fused with the carapace. The body is protected by a

shield of small mosaic-like bony plates, covered with a very

thick layer of leathery skin, which, except for the presence of

a number of longitudinal ridges, is in adult specimens per-

fectly smooth ; in the young it appears rather tuberculate.

The limbs are paddle-shaped flippers without claws, giving

the animal great swimming powers, and enabling it to venture

far out to sea. In color it is dark brown, often more or less

distinctly spotted with yellow or looking as if splashed with

whitewash.

This creature has been considered to represent, so far as its

vertebral column is concerned, the primtive type out of

which the ordinary tortoise has been evolved says Boulenger,

it being believed that the ossifications underlying the skin

have gradually become fused with the bones of the skeleton

to form the shell of tortoises and turtles proper. Others be-

lieve the Sphargidae to represent an ultra-specialized type

evolved out of the turtles.

The Leatherback Turtle has a world-wide distribution, and

is, in fact, a pelagic animal, straying to very distant localities,

occasionally visiting the coast of Great Britain. In spite of

its wide range it is by no means common. Numbers have

been seen, however, off the coast of Tenasserim, and at the

entrance to the Klang Straits, where they gather in order to

deposit their eggs, each female depositing some three or four

hundred.

The strength and pugnacity of this turtle are indicated by

the following account by G. W. Gourley, of the capture of a

specimen at Santa Barbara in the year 1905.

"The turtle was first seen swimming on the surface about

two miles off shore. I went after it, accompanied bv a boy,
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in an eighteen-foot sailing boat. On approaching the turtle

I dropped the tiller and got forward with the gaff hook,

swung over the side, and got the hook fast in the leathery

part of the neck. He immediately sounded, and ran out the

full length of the line—about two hundred feet—towing the

boat about half a mile farther out to sea. He then came

to the surface and we pulled up close to him again. When
he caught sight of the boat he turned and came towards us

AUSTRALIAN SNAKE-NECKED TURTLE

and threw his flippers over the gunwale of the boat, nearly

capsizing her. I climbed up on the upper side, and shoved

him off with an oar, the end of which he grabbed and bit

off like a piece of cheese. His movements were very swift

;

using his fore-flipper he could turn almost instantly from one

side to the other, and his head would project about eighteen

inches from the body. I succeeded at last in throwing a

noose over his head, and later, by attracting his attention

in the opposite direction, got ropes round both flippers, fin-

ally having five lines on him, and started to tow him towards

the shore. We were from 11 :30 A. M. until 4 P. M. in finally

landing him. When about half-way to shore he suddenly

turned, and made a break out to sea, towing the boat stern

first, with all sail drawing full, for several hundred yards,

with little effort. He emitted at intervals a noise somewhat
resembling the grunt of a wild boar."

The largest specimen on record is over eight feet in length

and weighs just over 1,500 pounds.

Snapping turtles.-—Snapping turtles, sometimes called alliga-

tor turtles, have enormous heads, strongly hooked jaws, a

long tail, a chin provided with fleshly appendages, and a very

small cross-shaped plastron. One variety, Macro clem/rays,

sometimes attains a length of nearly six feet. This turtle

while sometimes found in the southern states is most abun-

dant in the Mississippi and the streams which flow into it.

It has one very striking peculiarity, namely, a number of

white fleshy appendages of the mucous membrane situated

just in front of the tongue, which, the mouth of the creature

being kept open, when in the water, are moved in such a

manner as to simulate living worms, with the evident object

of attracking the fish it lives on.

All these turtles are notorious on account of their savage

dispositions. When annoyed they rise on their hind legs and
turn almost complete somersaults in their efforts to bite. Ac-

cording to Holbrook they live at the bottom of stagnant pools

or rivers of sluggish motion, occasionally coming to the sur-

face With the rip of their snouts elevated, the other parts

concealed, and in this manner float about aimlessly, descend-

ing to the bottom again when disturbed. They are much
esteemed as an article of food, and large quantities, at least

in North America, are brought to market. They are com-

mon in sea-food shops in New York City. They do exceedingly

well in captivity, two "Snappers" in the collection of the

Zoological Society in London, received nearly fourteen years

ago, are almost as ferocious as on arrival, says Mr. Boulenger,

the director, and will still occasionally seize upon walking-

sticks and such articles as may be offered them "for the pur-

pose of inducing them to show off their uncontrollable tem-

pers." These specimens are fed exclusively on meat. In

their native land they feed principally on fish and small

waterfowl.

In the family Cinostemidae, popularly known as mud terra-

pin, the anterior and posterior lobes of the plastron are mov-
able and connected with the central part by hingesi, so

that their oval-shaped shell can be partly or completely closed.

The mobility of the plastron varies considerably to species

and with age, for, as in the case of all terrapins with hinged

plastrons, the mobility is not so marked in the young. The
species most frequently seen in captivity are the Pennsylvanian

mud terrapin, C. Pennsylvanicum; the stink-pot mud terra-

pin or Musk Turtle, C. Odoratum; and the blood-stained mud
terrapin, C. Cruentatum. The two former are distributed

throughout the Eastern State of North America, while the

latter is confined to Central America.

In C. Pennsylvanicum and C. Cruentatum, the plastial lobes

are freely movable; the plastron, however, in the former

species, is small, and consequently does not close up com-

pletely against the rim of the carapace, as in the case of the

latter. The end of the tail is provided with a horny, nail-

like appendage in both sexes in C. Pennsylvanicum, it is pres-

ent only in the female in C. Cruentatum, and is absent in

both sexes in C. Odoratum. In the latter species the plastron

is considerably narrower and smaller than in the two pre-

ceding, and the lobes are only feebly movable. This terra-

pin derives its name from the fact that on being alarmed it

emits from certain glands a remarkably pungent and most

disagreeable odor of musk.

VENTRAL VIEW OF A LEATHER BACK TURTLE

The members of this family, none of which exceed a shell

length of six inches, are found in muddy ponds or ditches,

feeding on small fish and tadpoles. They are said to be very

treacherous creatures ; when handled they immediately with-

draw into their shells, firmly closing them ; they do not re-

main inside for long, however, for after a few seconds they

dart out with unexpected rapidity, their mouths wide open,

ready to inflict a severe bite with their cutting jaws. The

back of the legs of the male in some of the species bears two

patches of horny tubercles, and 'by rubbing these against

one another stridulating sounds are produced very similar

to those made by grasshoppers.

The widely distributed family Testudinidae, which embraces

some 130 species, includes a number of strictly aquatic gen-
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THE SNAPPING TURTLE NOTED FOR ITS SAVAGE DISPOSITION. THE VENTRAL VIEW SHOWS THE SMALL
CROSS-SHAPED PLASTRON

era, as well as all the land tortoises, the passage from one

form to the other being so gradual as to preclude any sharp

definition. With the exception of Australia and Papussia, its

representatives are distributed throughout the greater part of

the world.

Batagur and Hardella are two closely related aquatic gen-

era, represented each by a single species ; the former, inhabit-

ing Bengal, Burma, Siam, and the Malay Peninsula, is to be

distinguished from the latter, which is confined to northern

India, by the fact that its front limbs have only four claws,

instead of the usual five. The limbs are very broadly webbed,

somewhat approaching the paddle-shape. The tail is short.

The Baska Turtle, Batagur baska, abounds in the Ganges

and its tributaries, and is occasionally caught out at sea in

fishing nets. Although purely a vegetable feeder in its native

waters, specimens in the London Zoo all develop a taste, we
are told, for the bread, biscuits, and buns thrown into their

tank by visitors. The eggs of this species, the collecting of

which is a royal prerogative in Siam, resemble hens' eggs

in size and shape.

Hardella thurgi, which likewise feeds solely on aquatic

plants, is, according to Anderson, brought to Calcutta in large

numbers during the cold months and sold to a low caste of

Hindoos, who keep them alive in tanks, selling and eating

them themselves. He gives the following account of the ex-

traordinary manner in which they are captured : "A number
of men, all but naked, collect together, each man being pro-

vided with a large bundle of green marsh grass neatly tied

up in the form of a cylinder, measuring about two feet long.

These men enter the water, throwing the bundles before them,

which act as floats, and on which each man rests his chest

as he gets beyond his depth. Then, one after another, they

push away these floats, dive to the bottom of the river, and

reappear generally with an example of Hardella obtained in

the mud."

Chryseviys is a large genus distributed throughout North and

Central America. The carapace is feebly convex, the plastron

is immovable. Although eminently aquatic, frequenting rivers

and ponds, and ditches in the case of C. picta, the painted

terrapin, these terrapins often leave the water, and are most

active on land. The soft parts as well as the shells are in

most species most beautifully marked. In C. ornata, for

instance, the head and neck are streaked with orange, while

each costal and marginal shield is provided with a large yellow

or orange ocellar spot. These markings are brighter and

much better defined in the young than in the adult, where, in

a good many cases, they disappear almost entirely. In C.

scripta the sides of the head are ornamented with bright yel-

low, or yellow and pink bands. Mr. Hugh Smith has given

an interesting account of the breeding habits of this species.

The egg-laying season, it appears, is in June and July, and the

eggs are laid in some cultivated tract, usually a cornfield

adjoining water, the nests being made some distance away
from the water, sometimes more than a hundred feet. The
nest, which is shaped like a bottle, is made usualy in a

sandy clay, above high-water mark, the hole being dug out

by the female with her fore-legs. The size of the nest depends

on the size of the animal, an average nest being four inches

deep and four inches wide. The eggs, up to thirty-five in

number, are laid at one time, and when the laying is com-

pleted, earth is scraped into and over the hole and packed

lightly. The packing is accomplished by the terrapin's raising

herself as high as possible on her hind legs, and then dropping

heavily. As soon as the nest is covered over the terrapin

withdraws to the water. If a terrapin is disturbed while

making a nest or laying, she will abandon the nest. The
young hatch in the autumn, but remain in the nest, where
they hibernate until the following spring. On emerging they

are about the size of a fifty-cent piece. This terrapin form-

erly supported a profitable fishing industry, but of late years

nas become rather scarce, those caught being accidentally

taken in fishing nets.

The European pond tortoise, Emys orbicularis, is distributed

throughout the greater part of southern Europe, Algeria,

Tunisia, and southwest Asia. In Central Europe it extends

locally as far north as Central France, Holland, Prussian,

and Poland. The coloration of the shell is subject to much
variation ; it is usually dark brown or black with numerous

yellow radiating lines, or spots ; the plastron is yellow and

brown, occasionally entirely blackish brown. The head is

black, with lighter dots, which are usually yellow, and in some

males of a pale brown. The shell, which is oval in the adult,

round in the young, is smooth, with a few well-marked ridges

on each shield. The tail is as long as the shell in the quite

young, two-thirds that length in adult males, and about one-

half in the females.

The tortoise generally hibernates in the mud at the bot-

tom of the pond or river towards the end of October. The
lethargy, especially of those hibernating in shallow waters,

is not very profound, and a little sunshine, even in mid-winter,

is sufficient to awaken them from their slumbers. They re-

sume their activity towards the middle of March, pairing in

April, and laying up to a dozen oblong eggs in May or June.

Adult specimens do well in captivity ; they feed both on land

and in the water, usually upon meat or fish, but will sometimes

eat lettuce. The quite young are, however, exceedingly deli-

cate, and generally succumb to pneumonia after a few months

of captivity. The flesh of this species is said to be moderately

good eating, and was formerly appreciated as a delicacy for

"fish days" in the Bomian Catholic parts of Germany.

Blanding's terrapin, Emys blandingi, is a North American

species, closely resembling the European pond terrapin. The

carapace, which is slightly more convex than in the latter

species, is jet black, spotted with bright yellow. The plastron
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is yellow and black. The head is brown above, yellow beneath.

Like its European ally it is easily domesticated. It takes to

land frequently in search of a change of diet, feeding on in-

sects and berries.

In Clemmys the plastron is united to the carapace by bone

and not by ligament as in Emys, from which it does not other-

wise differ. The genus is represented in Europe, Africa,

southwestern Asia, China, Japan, and North America. Two
species are found in Europe, the Iberian terrapin, CI. leprosa,

which inhabits the Spanish Peninsula, Morocco, Algeria, and

PAINTED TURTLE IN AN AQUARIUM

Tunisia, and the Caspian terrapin CI. caspica, restricted to

southeastern Europe and Asia, from the borders of the Cas-

pian Sea to the Persian Gulf.

In CI. leprosa the carapace is dark olive; the plastron

yellow. The head is olive, the sides being streaked with yel-

low, while an orange spot is situated between the obit and

the ear. A number of yellow bands extend along each side

of the neck. The shell seldom exceeds six inches in length.

Its specific name is derived from the fact that the creature

is subject to a gangrenous disease, when living in not suffi-

ciently aerated waters, which gives the shell a leprous ap-

pearance.

CI. caspica is more handsome, the carapace being elegantly

marked with black-edged yellow, wavy markings. This and
the preceding species are far more aquatic in their habits than

Emys orbicularis, and, unlike the latter terrapin, never feed

out of water. Freshly captured specimens of the Caspian ter-

rapin emit, when handled, a disagreeable odor, which is due,

as in Cinosternum, to the secretion of a pair of inguinal

glands. When kept for some time in confinement, however,

they lose this objectionable habit. Although reaching a length

of about five inches, imported specimens rarely measure more
than two, and, like most young terrapins, seldom thrive for

any considerable time under captive conditions.

In Cistudo, the representatives of which are the true Box
Tortoises, the plastron is connected with the carapace simply

by ligaments, and is divided into two movable lobes, enabling

the creature, after withdrawing its head, neck, limbs, and tail

into the shell, to close it hermetically like a box. The digits

are almost entirely free, being provided at most, with only a

very short web.

With the genus Cinixys begins the series of entirely terres-

trial types, the true tortoises, which are provided with club-

shaped feet and webless digits, and in which the plastron is

always united to the carapace by a broad bridge.

In this genus a remarkable modification of the shell takes

place, the posterior portion of the dorsal buckler being hinged
and movable.

The Gopher Tortoise, T. polyphemus, of Florida, is remark-
able inasmuch as it lives in burrows, which it only leaves on

very hot days. The burrows are excavated in the sandy soil

by means of its front limbs, which are armed with abnormally
long claws, with the help of the plastron, which is provided
with a small spade-like projection. According to H. J. Hub-
bard the galleries descend at an angle of 35 degrees, and
reach a vertical depth of about nine feet from the surface of

the ground, measuring often as much as eighteen feet in length.

The temperature at the lower end does not vary much through-

out the year, not falling below 70 degrees F. in winter nor
rising above 80 degrees in the summer. Once the tortoise has
established itself in one of these burrows, it cannot be made
to vacate or excavate a new home, but settles down for long

periods, some of the burrows being known to have been in-

habited by the same individual for as much as twenty-five

years. The galleries, if abandoned, immediately become filled

up with the shifting sand ; they afford a refuge for various

other animals, including opossums, raccoons, and owls. The
Gopher Tortoise does not survive many months of captivity,

making no attempt to burrow.

The Elephantine Tortoise, T. elephantina, is now nearing

extinction in its native home, Aldabra, but of late years it has

been introduced in the Seychelles, where it is now fortunately

thriving under Government protection. The shell of large

specimens measures five feet in length.

The South Albermarle, T. vincina, grows to an even larger

size, its shell reaching over five and a half feet in length, such

specimens weighing at least five, hundred pounds. It may
be distinguished from T. elephantina by the absence of the

nuchal shield.

Some interesting notes have recently been published by the

Governor of the Seychelles regarding the conservation of land

tortoises in the island. The largest specimen of the herd

measures four feet nine inches over the surface of the cara-

pace, and is probably the largest living specimen at the pres-

A PAIR OP LOGGERHEAD TURTLES DISTINGUISHED
FOR THEIR LARGE HEADS

ent day. "Gordon," as the cretaure is called, shows likes and

dislikes, and is very combative, having bitten many visitors

who presumed on his apparent lethargy. The breeding sea-

son in the Seychelles extends from January to April, when the

females lay their eggs in holes dug out by their hind limbs,

and then covered over. The eggs, which are white, round, and

the size of a tennis ball, vary in number from nine to twenty-

five. The young hatch out in from 120 to 130 days, and work

their way out of the ground ; half the eggs are usually infertile,

but in some years of great drought very few young appear,

being apparently unable to reach the surface. Their rate of

growth is exceedingly fast, since they measure, when four

years old, nearly two feet in length. When twenty-five they

are said to attain full growth.
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These tortoises in the London Zoological Garden hibernate

from the end of October to the beginning of March. They are

fed chiefly on cabbage, of which they consume, during the

hot weather, almost a bushel a week each. "One large Ele-

phantine Tortoise is peculiarly untortoiselike in his taste,

being extremely fond of the bread and buns which he receives

from the visitors, whom, if provided with these dainties, he
will follow round his enclosure, often attracting their atten-

tion by butting against the railing of his paddock."

The Green Turtle, Chelone mydas, enjoys world-wide fame,

for it is from the flesh of this creature that the famous "turtle

soup" is obtained. The heart-shaped shell is smooth, polished,

and slightly notched and serrated behind. The head is large,

somewhat compressed at the sides. The jaws are provided

with very much serrated cutting edges at the sides, the lower

beeing hooked in front. The shell attains a length of about four

feet, such specimens weighing about four hundred pounds. Al-

though fairly abundant in all the tropical seas, the great bulk

of those received in this country are obtained from the West
Indies.

"The eggs are deposited on the sandy shores of uninhabited

islands. Before embarking on her parental duties, the female

makes a thorough inspection of the beach where she has the

intention of laying. Satisfied that the situation is appropriate,

she digs a hole nearly three feet deep, with her flippers, and
therein deposits some two hundred eggs. These holes are then

covered over with sand and levelled down by means of the

flippers, in such a manner that it is only with the greatest

difficulty that their place of concealment can be discovered.

The whole operation of digging, laying, and filling up lasts

about a couple of hours, when the turtle once more returns

to the sea, leaving the eggs to be hatched by the heat of the

sun." After a few weeks the young turtles break through

their egg-shells, lift up the sand, and, without the slightest

hesitation, make straight for the sea. Although man is per-

haps their chief enemy, enormous quantities of young turtles

are devoured by large fish, and only a very small percentage

reach maturity.

The food of the Green Turtle consists almost entirely of

fish and marine plants.

The Hawksbill Turtle, Chelone imbricata, also a powerful

swimmer, inhabiting all the tropical and subtropical seas,

only coming to shore at the breeding season, derives its Eng-

lish name from its prolonged hooked snout. The carapace, the

shields of which are more or less imbricate, is marbled yellow

and dark brown. It is a somewhat smaller species than the

Green Turtle, the shell of adult specimens rarely measuring

more than three feet in length.

Although not edible, this animal is highly esteemed on ac-

count of its horny shields affording the substance known as

"tortoise-shell." According to Sir Edward Tennant, the cruel

method is employed in Ceylon of suspending the living turtle

over fires, until the heat detaches the plates -from the bones

of the carapace, after which the creature is put back in the

water, it being erroneously believed to return again with a

regenerated shell. It appears that if the latter be removed

after death the color becomes cloudy and milky, and therefore

useless from a commercial point of view.

An interesting account of the fishery resources of the Philip-

pine Islands, which contains some interesting information on

this turtle, has been given recently by Mr. Alvin Seale. Dur-

ing the year 1909, there were exported from the Philippines

2,040 kilograms of tortoise-shell. While a small number of

turtles are caught with hook, net, spear, or trap, by far the

greater number are captured when they come to shore in

order to deposit their eggs, the animals being killed without

being given a chance to lay, a short-sighted policy, which,

unless the turtles are protected during the breeding season,

which is from May to August, will eventually result in the

destruction of the fisheries.

In the Philippine Islands, it is satisfactory to learn that

the method of removing the tortoise-shell from the animal's

back, described by Tennant, is not resorted to, the shell in

most of the islands being removed after the turtle has been
killed, by immersing the carapace In boiling water until the
shields loosen ; another method is to bury the body in the

sand for about a week, when the shields become detached.

The quantity of tortoise-shell obtained from a single adult

specimen varies in weight from five to ten pounds.
The Loggerhead Turtle, Thalassochelys caretta, is character-

ized by an enormous head. The carapace, which is very
strongly arched, is uniform dark brown or black. The lower
jaw is slightly hooked. Its range is even wider than that of

either the Green or the Hawksbill Turtle, it being found much
farther north, and being in fact not uncommon in the Medi-
terranean and neighboring parts of the Atlantic. It is of little

value from a commercial point of view, its flesh, although not

absolutely inedible, being far inferior to that of the Green
Turtle.

Although in fresh water aquariums all these marine forms
refuse to feed, and die of starvation in a very short time,

they will live for many years under captive conditions if pro-

vided with sea-water, even in quite small tanks.

As we have said, the flesh of the loggerhead turtle is not

very edible. However, the eggs laid by these animals are not

only edible but very delicious. The writer has often gathered

them on the coast of Florida, fresh from the nests. They are

perfectly spherical, creamy white in color, and the "shell" in-

stead of being brittle like bird's shell, resembles tough parch-

ment in look and feel. The eggs are never eaten simply boiled

so far as I know; the reason given being that the albumen
does not solidify. This fact, however, I cannot vouch for

personally, but I have eaten dozens of these eggs in the form
of griddle cakes, puddings, etc. They are entirely free from
any fishy or unpleasant taste or odor and are very nutritious.

They are not only popular as an article of food among the

natives of Florida, but they are also keenly enjoyed by various

wild animals, including bears, opossums and skunks. So keen

is the competition for these delicacies in fact, that one must
make a very early start to obtain the prize.

When ready to deposit her precious burden the female turtle

swims ashore at high tide and crawls straight up the sandy

beach for a distance of several yards, where the nest will

presumably be safe from the waves. She then excavates a

hole, usually about a foot in diameter and perhaps IS inches

deep. In this a large number of eggs is deposited, usually

ranging from 120 to 150 eggs. As will be seen such a nest is

a find indeed, comprising several pounds of valuable food

;

consequently people living near the coast often make up "turtle

egging parties" during the spring and summer months when
the tide is right, in the hope of coming upon one or two turtle

"crawls." The crawl consists of the parallel marks left by

the creature's flippers as she toils her way across the sand.

After depositing the eggs she fills the hole neatly, and then

apparently whirls round and round. Consequently, at the

end of each crawl, there is a sort of roughly circular whorl in

the sand. The pocket of eggs, however, is by no means exactly

in the center of this whorl, so that it requires considerable

skill to locate it when digging up the whole area. Experienced

hunters judge its location by the greater softness of the

sand. I well remember, some years ago, walking up the

Ormond Beach before that part of the world was as fashion-

able and as much frequented as at present—for two or three

miles and finding several crawls, but in each case the nest

was completely empty, the reason being very evident from the

fresh bear tracks which led the way. Finally we came in

sight of the bear himself and turned back, though he was

undoubtedly in a very amiable frame of mind after just swal-

lowing hundreds of the titbits Ave ourselves coveted.

Since the mother turtle never returns to look after her off-

spring, once having prepared for their proper launching into

the world, many of them are devoured at a tender age, even

when they have escaped being eaten in the form of eggs. There

undoubtedly should be some sort of legislation to protect these
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creatures, and it would be well to require the finders of the

eggs to rebury a certain percentage of thern in a fresh place

where there are no tell-tale signs to reveal their presence.

I have done this myself and been rewarded by the entertain-

ing spectacle described above of the baby turtles scrambling

out of their little nests and setting solemnly off for their first

dip in the chilly waters of the ocean.

HOW SPRING FLOWERS CAN BLOOM UNHARMED IN
SPITE OF FROSTS.

In studying the phenomenon of the chilliness of the ground
during the night as a result of spring frosts, observers

have usually confined themselves to recording the temperature

observed immediately above the vegetation, woods, grass,

herbs, etc., which usually covers the ground, but a Scotch in-

vestigator, Mr. T. B. Franklin, has recently attacked the prob-

lem in a much more thoroughgoing manner, basing his studies

upon the assumption—which he has proved to be correct

—

that there is frequently a very great difference between the

temperature of the ground itself and that of the air above it.

This difference is chiefly due to the nature of the protective

layer above the earth itself.

The cooling of the ground on a clear night is due to radia-

tion, but the' effects produced by this are at first counter-

balanced by the conduction of heat, which brings toward the

surface of the ground the warmth of the deeper strata. Thus
when the earth begins to freeze the latent heat liberated by the

freezing of the moisture must be radiated before a new fall

in the temperature of the ground can occur. In other words, it

is only the surplus of the radiation after the balancing of these

two factors which is effective in lowering the temperature of

the ground. Accordingly when the surface of the ground is

dry and the conductivity is reduced, or when the temperature

of the deep lying strata is already low, the ground is cooled

much more rapidly by radiation.

It is obvious, therefore, that the temperature of the surface

of the ground depends upon three factors

:

1. The comparative humidity of the air.

2. The degree of dryness of the superficial layers.

3. The temperature of the subadjacent layers.

Mr. Franklin undertook to determine the comparative im-

portance of these different factors. In order to calculate the

power of conduction he measured the temperature at the sur-

face at a depth of 10 cm. Between these two points the

temperature usually is almost uniform so long as the surface

does not freeze.

The results obtained admirably proved the correctness of

the theory, but it was found that on clear, calm nights, when
the stars of the fifth magnitude are visible the radiation of

the ground depends upon the relative humidity, other factors

such as condensation and evaporation, exerting but little effect

upon ground temperature. The temperature of the surface

tends to fall rapidly below the temperature at a depth of 10cm.,

by a number of degrees such that the conduction starting at

this depth exactly balances the radiation. After this balance

has been attained, the surface temperature cannot fall more
rapidly than that of the stratum at a depth of 10cm., and

consequently when there is a sufficiently high temperature of

the subsoil frost is improbable. The difference of tempera-

ture between the surface and the depth of 10 cm., which would

constitute an equilibrium between conduction and radiation

is probably about 5.5 °C.

3. In winter, at which time the ground is almost invariably

humid, it possesses a uniform maximum conductivity, but it

may rise to 11 degrees cent., after a dry period in the spring,

or at the beginning of summer. These data seem to indicate

that it will be possible in practise to predict a frost at night

according to observations made in the afternoon with regard

to the three factors mentioned ahove.

When the ground is covered with any substance which is a

poor conductor of heat, radiation from the surface is con-

siderably diminished on clear nights. Mr. Franklin made a
series of observations concerning the minimum temperature
of the surface of the ground when entirely bare and when
covered with layers of different substances. These layers

were each 12.5 mm. in thickness and consisted of well-crumbled,

loose earth, of cinders, of manure, of dead leaves, and finally

of a natural growth of grass and moss. The maximum thermic
efficiency of these five protective layers was as follows

:

1. Crumbly earth, 1.7
C
C.

2. Ashes, 3.3°C.

3. Manure, 3.6°C.

4. Dead leaves, 4°C.

5. Natural grass and moss, 5.5°C.

During the winter of 1918-19, when these experiments were
made it was found that the ground covered with either grass

or moss never froze.

By covering the ground with a layer of ashes and placing a
screen on top, Mr. Franklin succeeded in maintaining the tem-

perature at 5.5°C. above that of the naked ground, thus

equaling but not exceeding the protective effect of the natural

covering of grass or moss.

On the slopes of ditches, or in the shelter of hedges and
woods protected against the wind and against the effects of

radiation by a layer of dead leaves, of grass, or of moss, it

will be readily seen how the roots of spring flowers can thus

pass through winter without being touched by frost. Even in

December, when there is a period of warm rain to give the

necessary heat to the ground, these plants will begin to send

up their leaves and may be seen blooming at times, just when
the winter is most severe. Thus Mr. Franklin saw a primrose

which had been so stimulated by the .mild weather of Decem-
ber, 1918, that it had made its way through the mossy turf

above it and bloomed February 10, 1919. The leaves and
flowers in the air, had at this time a temperature of 9.5°C.

below zero, while its roots safely buried in the warm earth

were 0.5 °C. above zero. Thus there was a difference of not

less than 10°C. between the roots and the flowers.

VOLUNTARY DETERMINATION OF SEX BY MEANS OF
CHEMICALS.

During the last five years certain experiments with respect

to the determination of sex have been conducted in the Phar-

macological Institute of the University of Frankfurt. The
results obtained were eminently successful and were recently

described by Dr. L. Adler, at a session of the Frankfurt

Senckenberg Society. The investigator, Richard Hertwig, and
his students are able to produce males from frogs, common
brown frogs (Rana fused), during the period ,of development

by the application of heat of from 25 to 28 degrees cent. Un-

der these conditions certain transformations take place. The
same success was obtained by the use of eggs which have at-

tained a state of hyper-maturity before being fertilized. Dr.

Adler also discovered that the male frogs produced from such

eggs exhibit transformations of the thyroid gland in a very

high degree, and these largely correspond to the alterations

observed in human beings occasioned by Basedow's disease.

Another investigator, Gudernatsch, succeeded in obtaining 100

per cent of male frogs by feeding tadpoles with the substance

of the thyroid gland. In fact, among 400 tadpoles thus fed

there was not a single female.

Under the influence of heat a retrogression or degeneration

of the thyroid gland occurs and by reason of this some of the

effective substance contained by this gland is liberated and

thereupon occasions the transformation of female organs into

male organs. The chemical agent concerned in this reaction

is iodide of albumen. Very curiously the males thus artifi-

cially produced all had uncommonly small weak legs.

Some experiments have been made with animals higher in

the scale, but so far as the writer knows without much suc-

cess. It must be remembered, too, that there is more or less

danger connected with the use of the thyroid treatment.



Microscopic Water Contaminators*

Minute Organisms That Give Unpleasant Flavors and Odors to the Water Supply

By Morton Charles Kahn

Department of Hygiene, Cornell University Medical College

WE have all, at one time or another, encountered for-

eign flavors and odors in the water supply, both

agreeable and repugnant. For the most part these

are due to the presence and growth of microscopical plants

and animals. Such effects, together with the presence of tur-

bidity and color, are always looked upon with suspicion by
the public, for there is nothing to which a community is more
sensitive than something unusual in its drinking water or in

its household supply, be it detectable by smell, sight, or taste.

Large and small flowering plants, commonly found in res-

ervoirs and along sources of water supply, such as pickerel

weed (Pontederia) , water plantain (Alisma), eelgrass (Vallis-

neria), and many others, rarely cause trouble. While they

may be a nuisance in a mechanical way, due to their abun-

dance, or even by contamination since they furnish a place of

rest for the more obnoxious forms, still in themselves they are

harmless, and produce no direct effect upon water used for

domestic purposes. It may be said that although a large ac-

cumulation of these plants undergoing the processes of decay,

together with other decomposing organic matter, may produce

unpleasant flavors and odors, this condition seldom occurs and

if it does it is a comparatively easy task to rid a water sup-

ply of this trouble.

There remains one group of plants, the algae, mainly micro-

scopic, which is unfamiliar to most people and much too often

neglected because it seems to possess no economic importance.

This is a mistake, for these microscopical plants have a real

influence on the general public welfare, in that they are direct

causative agents for practically all of the bad odors and flavors

in drinking water and, besides the bacteria and a few proto-

zoans, are the only organisms which need be taken into ac-

*Reprinted from Natural History, January-February, 1920.

count when considering the biology of drinking water from a

hygienic standpoint. Some of the algae may be seen with the

naked eye, that is of course when they occur in vast num-
bers so as to form a scum on the water's surface. Most of

them may be seen only with a microscope, and it is only by the

aid of this powerful magnifying instrument that any of their

individual structures can be studied. Their structure, too,

for the most part, is very beautiful, forming one of the most

fascinating fields of microscopy.

Let us first consider the diatoms, a great group of trouble-

makers belonging to the algae. It is known that some of them

give rise to serious trouble in the water supply.

Water inhabited by excessive numbers of these organisms

most frequently develops a very disagreeable fishy odor. Some
people think the odor like that of geraniums. Personally,

however, I think it far less agreeable than the. fragrance of

this common garden flower. The specific types of diatoms which

cause the disagreeable conditions are : Asterionella, respon-

sible for the distinct fishy smell, and Tabellaria, Meridion,

and Diatoma, when they become numerous. When sparse, on

the other hand, they are possessed of a distinct aromatic

principle, which is not considered disagreeable. Diatoms are

exceedingly troublesome when contained in water used for

laundry purposes, or for the manufacture of paper. This is

due to the fact that they contain a greenish pigment, which

stains articles coming in contact with it.

Structurally a diatom is very beautiful. It may be de-

scribed as resembling a glass box made up of two halves, one

fitting tightly within the other, the walls being strongly sili-

cified. Diatoms are not without their redeeming features, for

it is this silica contained in diatomaceous earth that makes it

valuable as a polishing powder. Earth containing diatomous

HWrvS

SOME INTERESTING MICROSCOPIC CONTAMINATORS OF PUBLIC WATER SUPPLY

The Uroglena (center illustration), which are claimed alike by botanists and zoologists, grow in colonies, single-celled bodies embedded

in the surface of a gelatinous sphere. Only the slightest pressure is required to .break the delicate structure, liberating an oil with a fishy

odor. The other forms in the illustration are Synura anid Syncrypta. Bad odors, especially cucumber odors, have in the past been traced to

Synura. Even so few as five or ten colonies to a cubic centimeter will cause a perceptible odor.

2S
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MICROSCOPIC DIATOMS WHICH CAUSE DISAGREEABLE ODORS IN DRINKING WATER
Seen under a microscope, a diatom is geometrical in design, with two transparent valves, fitting one into the other like a shallow

glass box and its cover. The valves are variously marked with points or grooves so minute that from several hundred to several thousand
occupy a millimeter. These imcrease the friction of the diatom with the water and tend to prevent it from sinking—for a diatom is

heavier than water, yet must float near enough to the surface to get sunlight for growth. The illustrations show common diatoms
in both valve and face views; 3 and 4 (at the left) are Asterionella which may give a fishy odor to. water; 6 illustrates the rapid multi-

plication of Asterionella by division. It is said there are nearly 10,000 species. Some species have a spring and fall period of maximum
growth, such are Synedra (8-11), and in the illustration at the right Diatoma (1-3) and Taoellaria (6-9).

remnants is used to some extent in the manufacture of dyna-

mite. Diatom shells form no mean portion of certain of our

well-known brands of tooth powder, and last, but by no means
least, the living marine types form an important part of the

diet of some of our food fishes.

The methods used for multiplication by these members of the

Diatomacese, are unlike anything of a similar nature found

elsewhere among the alga?. The two valves or halves of the

organism begin a slight process of separation, and as the con-

tents divide into two parts, there are formed within two
new halves, one fitting into the larger half of the original cell,

and the other forming a new box within the smaller half of

the parent cell. These then separate, forming exact counter-

parts of the mother cell, although one is a trifle smaller than

the other. In addition to the above mentioned method of

reproduction, the plant also possesses the power to form a

large spore, making it more or less resistant to adverse condi-

tions ; also, it has been noted that the diatom cell may break

up into a number of much smaller spores, each one capable of

developing into a new plant.

One organism claimed alike by botanist and zoologist, but

at any rate a troublemaker for the hygienist, is Uroglena,

belonging to a group known botanically as Syngeneticeae. This

form demands especial attention, for it is probably respon-

sible for more trouble in the water supply than any single

representative of the various groups of microscopical plants,

excluding of course the pathogenic bacteria.

Uroglena is widely distributed over the United States, but

is more frequently encountered in New England and in some of

our middle western states, Indiana, Ohio, and others. Uro-

glena lives in colonies in appearance resembling a colorless

sphere, with a large number of greenish cells embedded in the

periphery. Usually much smaller than one-half a millimeter

in diameter, the Uroglena colony may, however, attain that size.

Each individual cell is equipped with a pair of cilia of un-

equal length, and it is by vibration of these hairlike append-

ages that the colony is propelled through the water. Each
cell of the colony contains in addition to a well-defined nu-

cleus, .which appears as a red spot, a single greenish colored

body, and several vacuoles. By far the most important con-

tent of the cell from a sanitary standpoint and the one that

causes the organism to be feared by those responsible for the

water supply, is the large number of oil globules. It is the

liberation of this oil that causes all of the trouble, namely,

the detested fishy-oily odor usually attributed to water con-

taining this form of life. The oil seems to be held in rather

loose combination, so that the mechanical breaking of the

colony serves to liberate it in sufficient quantity grossly to

contaminate the water. The cells of Uroglena are, unfortu-

nately, very fragile, and much force is not required to rupture
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MINUTE WATER PLANTS THAT CONSTITUTE THE COMMON BRIGHT G-REEN SCUM OP OUR PONDS
The many-celled Spirogyra, with its beautiful spiral fronds, is shown in 4, at the left, also in 5 after the formation of zygospores,

each made by union of the cell contents of adjoining filaments. Other filamentus algae which have natural odors and may be sources of

disturbance in reservoirs of water supply, are (at the left) Hyalotheca (1), Zygnema (6), Taucheria (7), Conferva (8), Cladophora (9). The
Tolvox (at the right, 3), consists of a gelatinous sphere often one millimeter in diameter in which the several thousand microscopical

cells (black dots in the drawing) are embedded, with their cilia pointing outward. By the beat of this multitude of cilia the sphere, which
is lighter than water, is kept rotating ancl moving about independently like an animal. This form contributes a strong fishy odor and
must be filtrated from the water supply. Such forms as Eudorina (4) aad Pandorina (5) also may give a fishy odor to the water.

them and liberate the oil. Usually mere pumping, or even

the force of gravity through pipe lines necessary to distribute

the water, is enough to cause the disturbance. The exact na-

ture of the oil is not very well understood. It is believed that

it is not unlike the so-called essential oils, being nonvolatile

at the temperature of boiling water, and seeming to resemble

the oils obtained from some of the diatoms and blue-green algae.

The methods of cell division in Uroglena are somewhat pecu-

liar and decidedly interesting. Before dividing, the cell seems

to turn in the periphery of the hollow gelatinous sphere, until

it is at right angles to the position usually occupied. Then
at the end of the cell which originally pointed toward the

center of the sphere, there is formed a pair of cilia similar to

those at the opposite pole, and the appearance of the charac-

teristic spots of red is then noticed. The cell begins to be

sharply constricted, and as it gradually divides, the two

halves are drawn back through *an angle of about 45 degrees,

so that when the cells are finally formed, they occupy a posi-

tion similar to the one normally assumed by the parent. When
a cell colony becomes too large, it divides into individual

cells, and these by numerous processes of division soon grow

into new spheres. In addition Uroglena is also able to form

spores, so that it is quite ready to survive periods that would

normally lead to its extermination or at any rate seriously

handicap its multiplication. Queerly enough, Uroglena seems

to thrive best during the cold winter months, especially when
the surface of the water is frozen. In Europe just the reverse

is true, July and August are the months most favorable to

its growth, and it disappears altogether at the approach of

cold weather. For this reason many seem to think that the

European and American types are different species.

Other Syngeneticese are concerned with the contamination

of water, but usually not to the same extent. Synura and

Syncryta are both accused of having a bad effect, Synura being

responsible for the offensive "ripe cucumber" odor formerly

thought to be caused by fresh-water sponges.

Without doubt Uvella should be spoken of, as it is one of

our most dreaded forms, and to it has been reputed the cause

of an acid in the water which is most disagreeable. It greatly

resembles Synura and many believe it to be the same organ-

ism ; it differs, however, from that form in the lack of a sepa-

rate investing membrane, and by the posterior location of the

contractile vacuole. There are also few zooids contained in

the cluster.

Another very bothersome water microorganism, which may
be the cause of much annoyance, is the common Spirogyra,

which has been known to cause thousands of dollars' worth

of damage by smothering growing water cress in artificial

beds constructed for the winter propagation of this salad plant.

When the cress is cut for market, the mutilation leaves the
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plant in a much weakened condition, and if Spirogyra gets a

start, it forms a thick mat over the surface of the water, pre-

venting the growth of the cress, and often killing the entire

crop in a given district.

Anaboena, one of our most important water contaminants

belonging to the order Nematogenae, surely merits more than

a passing mention. George Chandler Whipple, professor of

sanitary engineering in Harvard University, in a graphic

description of the serious amount of trouble this form may
cause, tells how the large Chestnut Hill Reservoir, Boston,

was contaminated by Anaboena. This blue-green algal form

multiplied to such an extent that in the course of a compara-

tively short time it polluted the entire line of supply of the

communities getting their water from the above-mentioned

EUGLENA, A MINUTE
FR.EE-1SWrM1M.lNO ORGAN-
ISM WITH A FLEXIBLE
WHUPLIKE FLAGELILUM

NEAR THE MOUTH
Immense numbers of Eug-

lena may collect in a green or

reddish scum on quiet water.

STENTOR, AN INTERESTING MI-
CRO-ORGANISM WHICH NEVER
EXISTS IN SUFFICIENT
NUMBERS TO BECOME A

PEST
Rapidly vibrating cilia at the top

where the mouth is, maintain a cur-

rent which carries in food particles.

GLENODINIUM WHICH GIVES A FISHY ODOR
It is said that Glenodmium imparts a fishy odor to water in which

it grows, hut the species is not common enough to he an important
source of trouble. In gelatinous masses on the water it shows phos-
phorescence.

source. In structure and form Anaboena much resembles an
irregular chain of green beads. The vegetative cells are from
five to twelve microns in diameter, depending on the species.

It possesses both spores and peculiar dead cells called hetero-

cysts. Being a most abundant producer of obnoxious oils, it

causes annoyance in much the same way as does Uroglena.

Among other forms giving rise to unpleasant odors and

flavors are Dlnobryon, Bursaria, Peridinium, and Glenodinium.

They are not often causes of bother, and are interesting for

the most part because of their unusual structure, and like many
other microorganisms show the varied forms of plant and ani-

mal life which may exist in a given source of water used for

domestic purposes.

To Dr. G. T. Moore, head of the Department of Botany,

Marine Biological Laboratory, Woods Hole, and Mr. K. F.

Kellerman, associate chief of the Bureau of Plant Industry,

Washington, D. C, two of our most efficient experts on water
biology, belongs the credit for suggesting a very good means
of controlling these minute pests. The method consists of us-

ing small amounts of copper sulphate, a chemical which seems

to have a specific toxicity for the lower forms of life. The

PERIDINIUM WHICH GIVES A "CLAM SHELL" ODOR
Peridinium is a consort of the diatoms in the floating life of lakes

and reservoirs and especially of the sea. It is not sufficiently

abundant to be troublesome in the water supply, but it is said that

it produces a fishy odor "like that of clam shells."

COLONY OF DINOBRYON WHICH GIVES A FISHY ODOR.

These colonies may be either attached to objects in the water or

free-swimming. New colonies are formed and dispersed by spores so

that large numbers of the animalcules may be generated within a

brief period if conditions are favorable.

requisite amount of copper sulphate is placed in a sack of

coarse cloth, and drawn slowly back and forth over the sur-

face of the water in the reservoir. Diffusion and the natural

circulation of the water serve to mix the chemical and dis-

tribute it to all parts necessary. According to Professor

Whipple the amount of copper sulphate to be used varies with

the following factors : 1, organisms present ; 2, temperature of
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the water ; 3, the amount of dissolved organic matter ; 4, hard-

ness of the water. In the case of the more susceptible or-

ganisms such as Uroglena and Anaboena, dilutions of one part

copper sulphate to five to twenty million parts of water is

sufficient, while for the more resistant forms such as the dia-

toms, the amount required to produce a lethal effect on the

species may be as great as one part of the chemical to one

million parts of water. Fortunately, the organisms giving

the greatest trouble are the ones which most easily succumb to

the copper sulphate method of treatment.

Objections have been raised against this method, due to the

poisonous nature of the substances used as an algsecide. There

is little reason to believe that there is much to be feared, how-

ever, considering the high dilution of the chemical when it

ultimately reaches the consumer, especially when the use of

copper sulphate is followed by filtration of the water, for by

filtering the copper salt is largely removed. Much of the

chemical is bound by the ever-present vegetation, while still

another portion is precipitated. The use of the copper sulphate

method of treatment is not advised, however, without expert

supervision.

Pathogenic bacteria do not make the water unpalatable and

thus are often tolerated in a water supply for a long time

;

not until there has been an alarming increase in the death

rate from water-borne infections is their injurious presence

brought home forcibly to the general public. With algse it is

different, their presence for only a day or two will cause

the water to become offensive to such an extent as to make
the general rate of water consumption in the community fall

far short of the amount needed for physical well-being.

Even when a water supply is palatable in every way, people

tend to drink far less than is normally needed. Just stop and
consider what a vital substance water is : "Seventy per cent

of our body weight is composed of it; it enters into the chem-

ical composition of all of the tissues ; it forms the chief in-

gredient of all fluids of the body and maintains their proper

degree of dilution, and thus favors metabolism; by moistening

various surfaces of the body, such as mucous and serous mem-
branes, it prevents friction ; it furnishes in the blood and
lymph a fluid medium by which food may be taken to remote

parts of the body and waste material removed, thus promoting

rapid tissue changes ; it serves as a distributer of body heat

;

and it regulates the body temperature by the physical process

of absorption and evaporation."

One of the most common dietetic faults is neglect to take

enough water into the system. It is important, then, to have

a pure and wholesome water supply that may be partaken of

with enjoyment by all.

Theory and Practice of Lubrication*

Increasing the Life and Activity of Lubricating Oils by Means of the "Germ" Process

By Henry M. Wells and James E. Southcombe, M.Sc.

THE considerations which we wish to bring forward in

this paper are the results of many years' experience

of the problems of lubricating oil and lubrication,

studied from a physical and physico-chemical standpoint, as-

sisted by an intimate and daily contact with the lubrication of

all types of machinery and prime movers. Our primary object

was to elucidate the reason for the obviously superior lubri-

cating efficiency of fatty glycerides over "straight" mineral

oils in a large number of practical cases which had come to

our notice.

As a corollary to this we had to review the physical princi-

ples upon which lubrication depends and to seek an explana-

tion of the peculiar property which has been called "oiliness,"

"body," etc., by authorities in the past.

It may not be out of place here to review the position of

our knowledge of lubricants and lubrication.

Professor C. V. Boys, in his Presidential address to the

Physical Society in 1908, crystallized the position very happily

in these words

:

"It was found that the lubricating property of oil de-

pended on something which at present is unknown. It is not

viscosity—animal and vegetable oils lubricate better, i.e., they

are more 'slippery' than mineral oils of the same viscosity,

and though the oil trade has known how to make good

'slippery' mixtures, no one at present knows what 'oiliness' is,

and this is at the present time an important physical quest of

the engineer."

Again, Professor J. S. Brame has said that1 "the property

of 'oiliness' was one of the most puzzling of the properties

of oils. By some it was regarded as unnecessary to connect

it with viscosity directly, since it was possessed in a much
greater degree by some fixed oils than by many mineral oils

which had practically the same viscosity."

It is necessary to distinguish clearly between two distinct

classes of lubricating practice. On the one hand we have the

lubrication of fast-moving shafts, etc., supplied with a large

*Paper read before the London Section of the Society of Chemical

Industry, Feb. 2, 1920. Reprinted from the Journal of the Society

of Chemical Industry, March 15, 1920.

V. Inst. Pet. Tech., 1918, 4, 219.

excess of oil frequently under pressure, and in this case the

frictional values are dependent primarily upon the viscosity

of the oil; the mathematical and experimental investigation

of these cases have been amply treated by Reynolds, Tower,

Lasche, and others. On the other hand we have to deal

with slow speeds at high bearing-pressures, frequently with

a very limited supply of oil, and it is in these cases that the

special property of "oiliness" or "body" is requisite to maintain

the film, and it is here that viscosity measurements no longer

assist us in the choice of the lubricant.

This view received unanimous support at the recent dis-

cussion on lubrication at the Physical Society.

What are the possible physical properties of a liquid which

influence its character as a lubricant? They are viscosity,

density, capillarity or surface tension, compressibility, and

tensile strength. It is true that very little work has been

done on compressibility and tensile strength, but from the ob-

servations of Worthington and others it would appear doubtful

FIG. l FUG. 2

CAPILLARY ACTION OF MERCURY AS COMPARED WITH OIL

whether they would play a distinguishing role in the differen-

tiation of oils ; and, further, as we shall point out, there is

what appears to us an adequate explanation of the nature

of oiliness without calling upon these properties.

So far as density is concerned there exists a wide range of

petroleum mineral oils possessing specific gravities identical

with those of the fatty or fixed oils, hence it is clear that

density plays no determining part. Viscosity is, of course, of

great significance in the cases of high speed, etc., just re-

ferred to.

Now it remained for Ubbelohde to point out that only a

liquid which "wets" or "spreads over" the solid can constitute

a true lubricant, because in order for the liquid to force itself
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into the narrower spaces of higher pressure it is essential on

capillary grounds that the said liquid shall "wet" the solid

surfaces.

Consider the case of two eccentric glass surfaces which are

being forced together with a drop of mercury or oil between

them. Now since the mercury (Fig. 1) does not "wet" or

spread over the glass, the meniscus in this case will be convex

to the liquid, while in the case of the oil (Fig. 2), which

wets the surface, the meniscus will be concave. In the case

of Fig. 1 (mercury) the tendency on capillary grounds will

be for the liquid to gather itself up into a drop and to pull the

liquid film in the direction of a away from the narrower con-

stricted area of greater pressure at b. In the case of oil

(Fig. 2) the opposite will be the case. The oil will, owing to

its meniscus, tend to be pulled towards b or, in other words,

will force itself into the narrow spaces.

This is exactly what is required in a lubricant, namely, that

it shall penetrate into the narrow spaces between journal

and bearing, and from the above considerations one clearly

sees that liquids which do not "wet" solid surfaces cannot

be described as lubricants.

Only those liquids which "wet" a solid surface possess

lubricating power in the generally accepted sense.

Although these considerations appeared to indicate the con-

nection between lubrication and capillarity, it will be seen

that they only go so far as to enable us to say that mercury

is not a lubricant and that oil is a lubricant. This is a con-

clusion of considerable theoretical interest, but it is not very

helpful to the oil technologist who

A o desires to differentiate between

different classes of oils.

Accordingly we find that these

speculations of Ubbelohde led to

no practical result.

On the other hand, certain theo-

retical considerations had led to

the conclusion that the perma-

nence of liquid films depended

upon capillary relationships, and

in particular that pure liquids

would not form stable films. These

H WATER principles had not been applied,

\N-_-^/ however, to the problem of lubri-

cation, and, in fact, they were

directly contradicted by prevail-

ing practice in which there was
a constant tendency towards

greater purity, i.e., in the direction of refining the mineral

oils which were used, and in the direction of using acid-free

oil as a compounding ingredient.

The generally accepted view was therefore that capillarity

was not a deciding factor in connection with the phenomenon
of "oiliness," and various standard works contain statements

to this effect.

It was under these conditions that we began our experiments.

We were at once met by the fact that it was not possible1 to

measure the surface tension between oil and the solid metal

bearing, and it is probably on this account that Ubbelohde's

speculations remained abortive. The usual "surface tension"

is that of oil against air, and we confirmed the results of pre-

vious investigators, viz., that the results so obtained, for in-

stance, by observing the rise in a capillary tube, shed no light

at all on the question under consideration.

At this point we decided to measure the surface tension of

the oil against an immiscible liquid in the hope that this

might furnish some criterion of "oiliness." On proceeding to

measure this interfacial tension, i.e., the surface tension be-

tween oil and water, startling results were at once obtained.

The method of experiment was by the drop pipette as follows

:

The pipette consists of a U-shaped capillary tube provided

with a bulb A (Fig. 3) and a ground glass orifice B. The
bulb A is filled with oil to the mark E. By means of the

FIG. 3. MEASURING
INTERlFACIAL TENSION

capillary D a very slow flow of oil may be obtained at B
by opening the stopcock C. The orifice is immersed in a

beaker of water, and the number of drops formed by the given

volume of oil in A is counted. The surface tension oil-water

is inversely proportional to the number of drops.2

A series of mineral oils were tested with this instrument,

and then a series of animal and vegetable oils and compounded
oils.

The following table shows a few results selected from a

very large number of trials:

TABLE I

Table of Interfacial Tension by Drop Numbers of Various Oils Against
Water. -

Mean temperature 70° F.
No. of drops Tension in

OIL. at constant arbitrary
orifice and units.

head.
Parafflnura liquidum .. 95 .. 100^
0-905 mineral 101 94! Mineral
Solar red mineral .

.

102 95 f oils.

Hon-viscous neutral 99 93 J

Olive 132 72\
68l Fatty
59 f oils.

73)

A glance at the table shows the surprising fact that the

interfacial tension against water of the vegetable and animal

oils is much lower than in the case of a mineral oil.

What is more, we were struck by the fact that we had
here a test which showed a distinct physical difference be-

tween mineral and saponifiable oils independent of viscosity,

density, etc., and this difference appeared to be in conformity

with the lubricating properties of the oils.

It now remained to inquire what was the reason for the

difference in tension. After considerable experimentation we
proved that the lowering of the interfacial tension against

water in the case of fatty oils was due to their slight content

of free fatty acidity.

The following table shows some of the results:

TABLE II

Free fatty Drop no. Interfacial

OIL. acids, calc.

as oleic.

tension.

005 mineral nil 101 100

98% mineral
! 1-9 125 80

2% com. fatty acids . (

i x>

97% mineral.

.

I 2-8 130 78
3% com. fatty acids .

Olive
1

2-2 125 80

Olive 4-5 140 72

Rape
Coconut

2-5
4-1

132
148

76
68

Olive (neutral) 01 110 92

Rape (neutral) 0-15 108 93

By removing the free fatty acids from the saponifiable oils

the tension rises, and by adding free fatty acids to the min-

eral oil the tension can be lowered.

Now all commercial animal and vegetable oils contain small

quantities of free fatty acids, and even if the utmost care

has been taken in refining to remove the acidity, hydrolysis

soon sets in and free acids are formed which, in even rela-

tively minute quantity, suffice to lower the surface tension.

Table III shows the percentage of free fatty acids in repre-

sentative samples of animal, vegetable and compounded oils

on the market. It is representative of the general glycerides

and commercial compounded lubricating oils in daily use on

all types of power plant, and we see that fatty acids are

always present to a certain extent. From the foregoing it is

demonstrable that:

1. Capillary effects (hitherto ignored in lubrication) play

a fundamental part.

2. The presence of fatty acids in an oil lowers the surface

tension of said oil against water.

3. A neutral glyceride possesses a similar tension to a neu-

tral mineral oil.

4. The addition of a relatively minute amount of a fatty

acid to a neutral mineral oil reduces the tension to that of a

commercial animal or vegetable oil or compounded lubricat-

ing oil.

2Donnan, Zeit., f. Physifl. Chem. Vol. 31, etc.
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Now it remains to inquire how far these results influence

the theory and practice of lubrication of solid surfaces. It

might toe argued that the interface between oil and water is

a different thing from the interface between oil and metal,

and that the conclusions drawn from the one case are not

necessarily applicable to the other. As a matter of fact such

similarity in effect is not unknown in other instances, and to

obtain more conclusive evidence Professor Lewis has meas-

ured the interfacial tension between oil and a liquid metal

—

mercury. (It should not be forgotten that solid-liquid inter-

facial tension cannot be measured.) His results are as fol-

lows : Pure neutral mineral oil, 100 ; same mineral oil plus

2 per cent of commercial fatty acid, 89. It is seen that again

there is a lowering in the interfacial tension as a result of

the addition of the organic acids, and, what is more striking,

the relative lowering produced is very much the same as it is

in the case of an oil-water interface.

Professor Lewis remarks : "One may conclude therefore

with some confidence that the addition of the organic acids

will lower the tension at any metal-oil interface."

Again, as already pointed out, the permanency of films is

dependent upon a diminished interfacial tension between the

oil and the metal in contact therewith. If such a film is

broken the possibility of its uniting again to form an un-

broken layer depends entirely upon the interfacial tension

being low. Any substance which lowers the interfacial tension

TABLE III

Acidity (as oleic).

Animal oil, pale . . . . . . . . . . 4-2 to 25-55

„ brown . . . . 12-02 to 30-32

Castor, firsts 0-49 to 1-70

.. seconds . . 2-12 to 7-40

Coconut, Cochin 1-26 to 19-11

Colza, Belgian 1-97 to 3-22

,. Stettin 1-41 to 4-48
Lard, pressed - 0-28 to 0-71
Olive oil, Algerian 2-52 to 13-72

Gallipoli i 12 to 33-14

Palm oil 24-68 to 5605
bleached 14-1 to 27-49

Kane oil. Black Sea. refined 1-82 to 4-34
East India 1-26 to 4-24

Sperm oil, Arctic no. 1 0-56

„ no. 2 0-42 to 4-34
Southern 0-7 to 2-86

Tallow . . . . ' 1-55 to 43-71
Standard Brands of Compound Oils on the Market

:

Acidity (as oleic).

Marine engine oil, D 1-3%
O 515%
T 4-5*y

Motor oil'.'X ".. '.'.
'.'. '.'. '.'. '.'. 0-26%

Y 0-5%
Z 2.5%

Compound steam cylinder 0-4%
Medium gas and oil engine oil 0-25%

0-39%
Light gas and oil engine oil 1-6%

1-3%
Heavv gas engine oil 1-28%

2*5*/

Oil engine oil ". . '. . '. . 0-7%

causes the liquid to spread over a larger area of the solid.

It follows therefore that if a substance be added to an oil

which brings about a lowering of interfacial tension, such

addition will act favorably as far as lubrication is concerned

by preventing a rupture of the liquid film and preventing

in turn the metals from coming into direct contact.

The capacity for spreading may be considered as partly

physical and partly chemical, due presumably to residual

valency. The effect is to render the transition layer between
the liquid and solid less abrupt. This diminution in abrupt-

ness can be brought about by chemical action direct or indi-

rect across the transition layer or by the solubility of some
third substance in both phases.

H. S. Allen has recently pointed out that on Langmuir's

view oiliness depends on the chemical forces called into play

between the active part of the oil molecule and the solid

surfaces of the bearing.

Now it is obvious that there is a tendency for chemical

activity between the metallic surfaces of bearing and journal

and an oil containing free fatty acidity, while such tendencies

are less pronounced in the case of a neutral mineral oil. Such
a tendency would render the transition between oil and solid

surfaces less abrupt, would manifest itself by reduced inter-

facial tension, and would result in better spreading and conse-

quent increased efficiency in lubrication.

There is little doubt in our minds that the physical rationale

of the property of "oiliness" is now explained, and we have
confined ourselves so far to a statement of the physico-

chemical experiments which we have made and to the de-

velopment of the physical theory.

Conclusive as it appears to us we have proceeded to test

and verify the conclusions by direct friction measurements,

and finally by the only real touchstone, namely, the test of

experience in a long series of practical trials on all types of

machinery and prime movers of the very largest sizes.

We will proceed to consider some of the results in detail.

First we beg to tender our thanks to Mr. L. Archbutt for

the frictional test made by him, which he has communicated to

the Physical Society at its recent discussion on Lubrication.

Archbutt has made a series of determinations of the fric-

tional coefficient on a Thurston machine under a load of 270

lb. per sq. in. at the very slow speed of 7 ft. per minute.

His results are as follows: Pure mineral oil, 0.0047; do.

plus 1 per cent rape oil fatty acids, 0.0033. He finds that 1

per cent of free fatty acids lowers the coefficient as much
as does 60 per cent of pure rape oil (acid-free).

These results have been confirmed by us on an independent

machine, as we shall show later.

He has also shown, however, that pure neutral rape oil also

possesses a lower coefficient than mineral, and concludes that

"these results would suggest that the oiliness or lubricating

efficiency of the unsaturated molecules of rape oil was really

as great as that of the free fatty acid molecules, but that

the acid molecules were much more active in their influence on

the hydrocarbon molecules of the mineral oil."

These results, which show that 1 per cent of free fatty acids

of rape oil added to a mineral oil are as effective in reducing

the value of the frictional coefficient as is the addition to the

mineral oil of 60 per cent of neutral rape, are striking confir-

mation of the above described principles, and coming from

a totally independent and unbiased experimenter afford great

support to our contention that it is not the glyceride but free

fatty acids in a compounded oil which improves its lubricating

value.

Through the courtesy of one of the largest engineering firms

in the country we have been enabled to make a series of meas-

urements in a large friction testing machine, the results of

which we here reproduce : The test journal of the machine

—

which is of the Thurston type—is 3.8 in. diameter, giving ap-

proximately one foot peripheral per revolution. The length of

the journal is 6% in., and in all our experiments the load was
200 lb. per sq. in. The machine is provided with a revolution

counter and a drum upon which the reading of the arc is

automatically traced. The driving motor was operated by a

variable speed controller, and all care was taken to ensure

steady and constant speeds. The journal and bearing were

thoroughly cleaned before each test by washing with tolulol,

and finally rotated against velvet pads to remove all super-

ficial dust and moisture. The experimental temperature was

kept between 60 and 64 deg. fahr.

The values of the frictional coefficients calculated from

the curves obtained directly from the machine are given below.

By way of illustrating our point, four oils were chosen of

identical viscosity and density but differing in composition

thus:

These results afford great support to the views expressed

above, and, coupled with our experience in practical lubrica-

tion, about to be mentioned, confirm our explanation of the

property of oiliness and open out a new and invaluable field in

the manufacture of lubricating oil.

We should here mention that this principle of making lubri-

cating oils by adding to mineral oils small quantities of fatty

acids or substances which lower the interfacial tension has

been accepted by the Patent Offices in all civilized countries.
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We should add a word here with regard to the possibilities

of corrosion.

As will be observed from the table below, all compounded
oils which have been and are in daily use for years contain

notable amounts of free fatty acidity, yet one rarely hears

of any active corrosion.

In our case we add only very minute amounts of fatty acids,

and the quantity is strictly limited and controllable. But
where fatty glycerides are employed the amount of acidity

which can fortn is potentially very large because hydrolysis

is constant, giving rise to the production of free acids.

During recent years a great deal of attention has been

devoted to the study of the colloidal characters of the fatty

acids, and it has been shown that while the lower members
of the fatty acid group possess relatively little colloidal

character, the higher members are highly colloidal in charac-

ter. Donnan and Potts have shown that there is a grada-

tion in these properties as one ascends the scale, lauric acid

occupying a sort of intermediate position. Also the lower

members of the series possess strong acid characteristics,

while the higher members are very weakly acid. Now the

fatty acids which occur in commercial oils are never pure

chemical individuals, but are mixtures in varying proportions

of a considerable number of fatty acids. Coconut oil, for

example, is characterized by containing appreciable percent-

ages of the lower members of the series, while rape oil rarely

contains anything but the higher members.

It is only to be expected, therefore, that the behavior of

these oils will differ in accordance with the fatty acid groups

Not a single failure has occurred in practice of an oil or

an oil "essence" made on the "germ process" as a reliable

lubricating oil when used for the purpose for which it was
supplied. The meaning of "oil essence" is explained later.

We use the expression "germ process" to describe the oil

made by using one or more fatty or other acids with one or
more mineral oils, because the world has been taught for gen-

erations to look upon acid as the deadliest enemy to good and
safe lubrication. As the germ is the first principle of organic

life, by analogy we call a suitable acid when dissolved in

mineral oil the "germ," which gives to mineral oil its life

and activity as a more perfect "instrument of lubrication."

We do not claim that a "germ process" oil is better for all

conditions of lubrication, but for many purposes where lubri-

cation depends upon the oil alone and not upon any me-
chanical means, such as pressure, to maintain a continu-

ous film.

We have proved to our entire satisfaction that the addition

of fatty oils to mineral oils for many purposes of lubrication

is unnecessary and a waste of valuable material, and that for

such purposes oils combining small percentages of suitable

free fatty acid or acids with suitable mineral oils are at least

equal to oils compounded on the old formulae for those pur-

poses. Therefore many of the old formulas and specifications

for compound oils are obsolete. Where the expression "com-

pounded oils" is used, it indicates such old formula oils.

Also, "mineral oil" indicates in many cases one or more than

one mineral lubricating oil. "Fatty oil" includes tallow and

other "fats" used for lubrication.

TABLE IV

Viscosity Sp. gr.

,

Total Mean Peripheral Quantity of Coefficient

Oil. at 00° P. at 60° P. acidity. temp, of speed in oil used for Arc. of friction.

Seconds calc. as expts. feet per test.

Redwood. oleic acid. minute.

A. Pure mineral 973 0-909 nil 62 11 5 c.c. 40 00084
B. 97% Pure mineral )

1% Pale cylinder*
\

973 0-909 1-9% 62 11 5 c.c. 25 00052
2% Com. fatty acids J

C. 80% Mineral )

20% Olive i

980 0-908 0-3% 63 11 5 c.c. 40 00084

D. 40% Mineral )

60% Olive J

970 0-907 0-9% 64 11 6 c.c. 35 00073

Added to keep the viscosity constant.

which predominate in them, and it is possible to reproduce the

capillary properties of any particular animal or vegetable

oil by adding suitably chosen fatty acids to mineral oil.

Consider the case of a steam engine using saturated steam,

where there is a tendency for condensation of water to occur in

the cylinder and valves. It follows in such a case that the

presence of a substance in the oil which lowers the surface

tension against water will in such circumstances assist in the

formation of oil films by enabling the oil to spread more
readily or by overcoming the tendency of the water to wash
the oil film off.

There is a certain type of lubricating phenomena to be con-

sidered where the oil is brought into contact with water and
it is desirable that the oil shall either separate itself rapidly

from the water (de-emulsification) or, conversely, that it

shall mix or emulsify with the water.

Now the phenomenon of emulsification is dependent upon
the colloidal properties of the oil, while de-emulsification is

brought about by a greater concentration of hydrogen ions.

Consequently one would expect the oil containing the higher

members of the fatty acid group to possess an emulsifying

tendency, while one containing the lower members will possess

a de-emulsifying tendency. This is a feature which we have
tested by shaking oils and water at various temperatures for

long periods of time, and to a great extent we have been able

to substantiate this view as the result of experiments.

After the soundness of our theory was clearly demonstrated

in the laboratory it remained for us to put it to the touch

of actual practice to prove its real value in the world of engi-

neering.

Gas Engines.—It has always been considered that the addi-

tion of coconut oil to a mineral oil gave the best results.

Refined rape oil or other fatty oil was also used in conjunction

with coconut oil to the extent of about 5 per cent of each;

that is, about 10 per cent of fatty oil, 90 per cent mineral oil.

Especially on large horizontal units such a compounded oil was
deemed essential. For smaller units smaller proportions down
to 5 per cent total fatty oil to 95 per cent mineral oil ; though

some small units apparently required heavily compounded oils.

So far as our business is concerned, "germ process" oils have
entirely displaced such compounded oils for horizontal and
vertical engines up to the largest units of both types.

Some gas engines run on "straight" mineral oil with good

results, but roughly it can be .claimed that ten units run on

"germ process" oil to one on straight mineral.

Oil engines.—Compounded oils, and for some types "straight"

fatty oils such as olive oil, have been considered essential

for oil engines. For several types it was thought necessary

to use a compound of one-third refined rape oil to two-thirds

mineral oil. That oil has been entirely superseded by an oil

with a slightly higher percentage of fatty acid than the aver-

age "germ process" oil for oil engines, but not over the

maximum considered safe in practice. For other oil engines,

land and marine, for which compounded oils were thought

necessary, their place has been taken by oils made from one

or more fatty acids with mineral oils of suitable quality.

The quality of the mineral oil with which the acid is blended

is a very important factor in lubrication. The germ process

gives to a mineral oil of fair merit that property lacking for

some purposes ; while it increases the lubricating value of a
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"good" oil, making it still better for many purposes. In both

cases they become more economical.

Steam cylinder lubrication.—It is almost universally con-

sidered that for "perfect" lubrication of steam cylinders with
certain types of valve gear (as one example, "Corliss"), and
for engines working under certain conditions-—say with much
condensation in the cylinder—a compounded oil is essential.

"Germ process" oil incorporated in very small proportion

with the correct mineral cylinder oil gives equally good re-

sults on engines with Corliss valves up to over 3,000 hp.

working at 160—170 lb. per square inch pressure, superheated
480—500 deg. fahr. ; on horizontal engines with Corliss valves

up to 750 hp. up to 160 lb. pressure without superheat. Va-
rious mineral cylinder oil bases to correct "germs" in different

but small proportions give good lubrication on vertical and
horizontal engines of many types, sizes and pressures.

Oils for steam turbines, crank cases of vertical steam, gas,

and oil engines.-—The property most essential in oil for steam

turbines, namely, non-emulsiflcation, is the one which largely

governs successful crank-case lubrication in vertical engines.

In such cases and in turbines water from condensed steam or

from the cooling system falls into the crank-case and gets

"churned" as it is pumped round with the lubricating oil. For
these conditions one has to know something about impurities

in the water, as the water is the deciding factor. The "germ"

must be carefully adapted to the water as well as to the

oil, and the oil to the mechanism. Where one oil is used for

cylinder and crank-case lubrication (say, of gas and oil

engines) the "germs" can be balanced to give what for con-

venience can be described in a general way as a positive effect

in the cylinder where extra capillarity is required, and a nega-

tive effect in the crank-case where emulsifying is undesirable,

and where the engine is steam, of the splash lubrication type,

to give just enough emulsion and no more for its intended

work in the cylinder, also in the crank-case, where it must
emulsify. The germs, for they are many, can be so adapted

when one thoroughly apprehends their properties, to give per-

fect lubrication in all such cases.

-Marine steam engine bearings—open type.—For a good

heavy marine engine oil it has always been considered neces-

sary, and is so today, to use from 10 to 25 per cent thickened

or blown oil—as a rule, thickened rape oil. This gives great

viscosity, also very good "lathering" properties to the oil.

The standard specification for marine bearing oil for one of

our semi-Government departments is a compound of about

20 per cent of "fatty oil" ; but the total fatty acid content

must not exceed 1 per cent. This has now been successfully

replaced by "germ-process" marine-engine oil.

On February 5, 1918, we filed our patent3 for oils made on

this new process, and immediately its "publication or com-

munication" was prohibited by the Admiralty, who carried

out trials over many months on about fifteen ships of the

mercantile marine, including a fair proportion of liners. The
result was quite satisfactory.

At this stage we decided to supply the fatty acids in a form,

which we term "essence," mixed with mineral oil and which

can be conveniently used on board ship ; about 2% per cent is

added to the mineral oil as required. The result justified all

claims. The consumption of mineral oil was considerably

reduced, hot bearings were cooled, and thrust blocks were

kept cool by the addition to mineral oil of suitable "germs."

The trials were a complete success.

We think it desirable to say that it may not be advisable

for oil users in general to buy fatty acids, to mix them in

their oil and imagine all advantages mentioned will accrue.

Suitable acids must be chosen for the purpose.

Conclusions.—We have shown (1) that fatty compounded

oils are unnecessary for many purposes of lubrication; (2)

that fatty oils are not essential for such work; (3) that fatty

acids can completely displace fatty oils for those purposes.

3Eng. Pat. 130,677 ; see J. Soc. Ohem. Ind., 1919, 674.

PIGMENTS OF FLOWERING PLANTS.
In the bulletin series of the University of Wisconsin a thesis

on the pigments of flowering plants by Miss Nellie A. Wake-
man appeared a few years ago. In view of our present-day

interest in dye-stuffs and in the work of the tiny laboratories

in plant cells, it seems that attention may be recalled to Miss

Wakeman's work.

As the author states, it is desirable to remind the uninitiated

that color is the response of sensation to the stimulus of light,

which proceeds from the colored substance either by transmis-

sion or reflection, and that color does not inhere in the colored

substance itself. Various dyes and pigments possess their

tints because of a process known as selective absorption, in

which each pigment absorbs certain definite colors from white

light and transmits or reflects only those which it does not

absorb. A transparent object appears to be the color of the

light Which it transmits, while of course an opaque object is

judged by the color which it reflects. Thus, a black object ab-

sorbs all the radiations of white light, while a red object ab-

sorbs all but the red. If none is absorbed the object is white,

and if all are transmitted, the object is colorless. Again, if

light of only one color is absorbed, its complementary color

will alone be visible and obviously if two complementary colors

alone are absorbed, the object will be relatively colorless.

According to Witt, color in the pigment of flowering plants

is due to the presence of a chromophore group in the molecule.

Such a substance, though generally colored, is not a dye-stuff

and was given the name chromogen by Witt. It only becomes

a dye upon the introduction of a salt, forming an auxochrome
group. Some of the earlier investigators found that changes

in color in general are the results of changes in selective

absorption in the regions of the visible spectrum and Scheutze

stated that a change of absorption from violet toward red

usually causes changes in color from greenish yellow, through

yellow, orange, red, violet, bluish violet, blue, green, etc.

Passing through the colors in this direction he designated as

deepening or lowering the tint, and in the opposite direction

raising the tint. Definite atoms and atomic groups by their

entrance into the molecule cause a characteristic deepening or

raising of the tint for compounds of the same chromophore in

the same solvent. Hydro-carbon radicals always deepen the

tint and consequently in homologous series the shade always

deepens as the molecular weight increases. The addition of

hydrogen results in raising the tint. We find evidence from

this, therefore, that the color of a substance is not conditioned

by the presence of a definite group but by the entire structure

of the molecule.

In the work on the thesis in question, which was begun

several years ago, the study at times was purely chemical

without any bio-chemical significance, and at times assumed

the character of a study of the extracted pigments and the

examination of the products obtained. It has been found that

no adequate knowledge of plant pigments can be gained by

simply studying the pigments, and that each pigment should

be considered in relation to other colored substances in the

same and related plants, as well as to the non-colored sub-

stances. A close relationship has often been found between

the colored and uncolored constituents of a plant or plant family.

Organic pigment molecules have been found to be unsat-

urated. The highest degree of saturation in a pigment mole-

cule is referable to CnH 2n .4 and visible color exists in the

substance of this degree of saturation only when the quinone

group is present. The quinone grouping is one of the best

known and most reliable of the chromophorous groups. The
largest number of the plant pigments are referable to hydro-

carbons of the degree of saturation C nH2n .u and C nH2„. 16

although occasionally compounds up to C„H2„.s4 bave been

isolated.

In the study of the influence of the chromophorous groups

upon the production of color, the definite conclusion has been

reached that color appears as a function of the entire mole-

cule, not of groups or elements.



CR'BW OF iMEN FITTED WITH OXYGEN BREATHING APPARATUS ENTERING A MINE WITH A LIFE LINE

Peace-Time Uses of the Gas Mask*
Recent Work of the Industrial Gas Laboratory of the U. S. Bureau of Mines

By S. H. Katz
Assistant Physical Chemist of the U. S. Bureau of Mines

TO aid its work in the promotion of safety and efficiency

in the mineral industries, the Bureau of Mines, at its

Pittsburgh Station, maintains a laboratory for the in-

vestigation of gases and the dissemination of Information

about them. Problems relating to the protection of workers
who may be exposed to gases are submitted to this laboratory

for solution as are also gas problems which aim toward better

utilization of mineral resources.

Gases are tenuous substances compared to solids and liquids

so their study requires apparatus and technique altogether

different from those employed for the grosser matter. Gases
must be kept confined at all times ; if they once escape from
their container into room air they have forever won their

freedom. Some of the apparatus at the gas laboratory pre-

sents the appearance of a maze of glass tubes, vessels, and
accessories in which individual gases pass about, mix with

each other, act chemically and physically upon substances put

in their path, exert pressure on their confining walls, or ex-

hibit a reluctance to leave a vacuum behind when a pump
extracts them. All these actions are quite invisible to the eye

of a casual observer, but they are measured with precision

and accurately controlled by the chemist who watches the

indicators and operates the instruments before him.

Most of the recent work of this laboratory has pertained to

gas masks. Before the world war the Bureau of Mines main-

tained crews of men trained in the use of self-contained oxygen

breathing apparatus, which carry enough exygen compressed

Published with the permission of the Director, TJ. S. Bureau of

Mines.

into metal bottles to maintain a man for half an hour or

more. The bottled oxygen enabled wearers of the apparatus

to penetrate mines filled with deadly gases from fires of ex-

plosions, for the purpose of rescuing entombed miners and
again re-establishing living conditions in the mine. With the

advent of the war the experience of these men was used by
the Government in developing the Army type of gas mask
as used by our soldiers. Gas masks differ from oxygen breath-

ing apparatus in that masks serve only as filters for removing

comparatively small amounts of noxious gases from air ; they

presuppose that the wearers are surrounded by atmospheric

oxygen in the necessary abundance to support life. This con-

dition is the usual one above ground, but in mines with their

limited content of air and in small, tightly closed spaces

above ground the oxygen may be depleted, especially by fires.

Hence, each type of respiratory apparatus has its own particu-

lar field of usefulness. The Bureau of Mines is now interested

in adapting the gas mask to serve in the industries where

they are finding wide application. The Scientific American

has previously told of the numerous uses made of the gas

masks.1 Their effectiveness in civil life may be shown by these

incidents.

A manufacturer had installed a large storage house contain-

ing wooden bins which were rather deep and narrow. To paint

the bins inside and out it was necessary to use an air spray

"brush." The painters working in the openings of the bins

aThe gas mask in, industry. The Bureau of Mines tells what it

will do and what it will not do ; Scientific American, Vol. 121, Oct.

25, 1919, pp. 421, 426-9.
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necessarily inhaled the turpentine, paint vapors and droplets

of floating paint. After a few days they were made sick ; one

was confined under the care of a physician for weeks. There-

after gas masks were provided and the job was completed by
men who worked on it for months with no further ill effects.

At a fire in a large paper storage house in Pittsburgh, ten

masks were available for the firemen. The men who wore the

masks worked in the fire area intermittently but for hours

without ill effects. Firemen without masks would enter and
work for five minutes, then it was impossible to remain longer.

After a rest in open air they would return for another five

minutes, when some would be overcome and some blinded by

the smoke. Eighteen were sent to the hospital. after such ex-

perience. In this particular fire there was plenty of oxygen

and no carbon monoxide in the smoke, hence the gas mask
gave good protection.

A man who wears a gas mask into poisoned air entrusts his

safety, perhaps his life to the action of the mask. To pro-

mote the production of safe gas masks a schedule 2 of tests

and requirements necessary to secure the Bureau's approval

ability to gasoline vapors of the rubberized fabric of the

breathing bag on the apparatus. An investigation of such
permeability, undertaken at the industrial gas laboratory,

showed that the bags of rubberized fabric were exceedingly

permeable to gasoline vapors. In one test a breathing bag
was surrounded by an atmosphere containing 36 per cent of

gasoline vapor. For nine minutes no gasoline was detected

by the man breathing the oxygen, then it seemed suddenly

to come through the bag and an analysis showed 1.13 per cent

of gasoline vapor in the oxygen. After breathing this for

three minutes the observer could endure no longer; he found
it necessary to support himself with his hands in order to

stand and objects were swimming before his eyes. Analysis

now showed 2.22 per cent of gasoline vapor. Three minutes

later there were 2.60 per cent of gasoline vapor. An attempt

was made by another person to breathe this mixture but only

10 or 12 breaths were taken before he began to feel dizzy.

Regardless of whether or not the unfortunate accident was
due to permeability of the breathing bag to gasoline vapors,

the experiments prove that more impermeable materials are

GAS MASK WORN AS A PROTECTION FROM ACID FUME'S AMMONIA GAS MASK APPROVEiD BY THE BUREAU OF MINES

has been established. Masks submitted in accordance with

the provisions of the schedule and which meet its test re-

quirements are listed and announced as approved by the

Bureau. An approved ammonia gas mask of commercial pro-

duction is illustrated in the photograph above.

The greatest care is exercised by the mine rescue men of

the Bureau to maintain their oxygen breathing apparatus in

perfect condition and to avoid overstepping the bounds of

safety which the apparatus imposes. In spite of such care

some unforeseen accidents have occurred as was recently the

case resulting in the death of Jas. S. Cunningham, foreman

miner of the Bureau of Mines. Cunningham went into a stor-

age tank at the Sinclair Refining Co., Trinidad, Colorado, to

make a pipe connection ; he wore a half hour oxygen breath-

ing apparatus because about seven inches of gasoline lay in

the bottom of the tank and the air was charged with the

vapors. It was shortly noticed by observers that Cunningham
was in distress. He came to the ladder to ascend but toppled

into the liquid gasoline. When removed from the tank he was
dead. The question of the cause of the regrettable accident

was sought and finally narrowed itself down to possible perme-

aSchedule 14, Procedure for establishing a list of permissible gas

masks, fees, character of tests, and conditions under which gas

masks will be tested. Bureau of Mines, 1019, 13 pp.

needed for oxygen breathing apparatus, heavier rubber or a

different material. Further experiments are in progress from

the results of which specifications for breathing bags, imper-

meable to gasoline and other vapors and gases will be drawn.

At the mines of the Butte and Superior Mining Company,
Butte, Montana, the idea was conceived of putting an odorous

substance in the intake of an air compressor to force the odor

through the air pipes into all parts of a mine. The odor when
noticed by miners would serve as a warning to leave the mine

when danger arose. It was found that only a few minutes

were needed for the very disagreeable odor of valeric acid

to pass with the compressed air to all parts of the mine.

Mining Engineers of the Bureau of Mines became interested

in this method of warning by odors and at their suggestion an

investigation of stenches for use as mine warnings was un-

dertaken at the industrial gas laboratory. Tests were made
on twenty-four different stenches and odors with an apparatus

devised for smelling the intensities of odors of chemicals at

different concentrations in air. 3 Five different degrees of

intensity were adopted, designated as (1) detectable, (2)

faint, (3) quite noticeable, (3) strong, (4) very strong. The

sAHison, V. C. and Katss, S. H., An investigation of stenches and
odors for industrial purposes: Jour. Incl. Eng. Chem., Vol. 11, 1919,

pp. 336-8.
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intensity of odor at any con-

centration as measured, of

course, depended on the sen-

sibility and judgment of the

operator but the method
proved quite satisfactory.

Carbon tetrachloride, chloro-

form and ether had the least

odor, probably due to their

anesthetizing action on the

olefactory nerves. Butyl mer-

captan, ethyl mercaptan,

amyl acetate and butyric

acid proved best for mine
warnings after actual tests in

mines. The installations

needed to inject the stenches

into mines through the com-

pressed air lines are cheap

and easily installed. Some
are now in place at large

metal mines. They have been tested experimentally but so

far have not been used in a necessary warning. When the in-

formation on this method of warning is more generally im-

parted the number of mines equipped to use it will un-

doubtedly increase.

Dusts can hardly be classed as gases but since very finely

divided dust particles carried by air can be investigated in

apparatus somewhat like gases, some problems on dusts have
been studied at the industrial gas laboratory. Dusty air has
been the cause of much pulmonary trouble to some miners,

metal workers and others. Different kinds of dusts vary

greatly in their physiological action. Silica dust, in mines
where it occurs, is most injurious. Conditions in the United

States are not so bad as abroad, notably South Africa,

GAS MASK WORN BY LOCOMOTIVE ENGINEER TO PROTECT
FROM SMOKE IN RAILROAD TUNNELS OP WEST VIRGINIA

where a miner working at

drilling in some mines could

hope to live but a short span

of years. The dustiness of

the air of mines has been in-

vestigated principally by

means of the so-called "sugar

tube," consisting of a glass

tube containing a screen to

support a column of granu-

lated sugar. The sampler

drew a measured amount of

the air through a sugar tube

by means of a foot pump cali-

brated to take a uniform vol-

ume of air per stroke. As the

air filtered through the sugar

granules, dust was left there.

After a sufficient amount of

air had been drawn, the tube

was stoppered and sent to a

chemical laboratory for determination of the dust content by a

chemist. The sugar was dissolved in distilled water and made
up to a definite volume. A very small portion of this solution

was then examined under a microscope and the number of

dust particles in the portion were counted. The solution was
then filtered through ashless filter paper, the paper with its

dust incinerated and the non-combustible dust weighed. From
the data obtained by the chemist and sampler the dustiness

at the mine was finally expressed as numbers of dust parti-

cles and weight of dust per cubic foot of the air.

Recently a new series of investigations of mine air dusti-

ness was undertaken by the Bureau of Mines cooperating

with the United States Public Health Service. The question

arose as to the efficiency of the sugar tube filters in retaining

DETERMINING THE PERMEABILITY OP GASES AND VAPORS THROUGH RUBBERIZED FABRICS
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the dust of the air passed through them, and its solution was
requested of the industrial gas laboratory. A method of test-

ing gas niters had been devised in the Chemical Warfare
Service of the U. S. Army;4 this was applied to the sugar
tubes. Briefly it consists of passing tobacco smoke through
the filter and comparing the incoming with the outgoing smoke.
Tobacco smoke particles are very small and uniform in size,

one hundred thousand placed side by side are needed to make
an inch, so the smoke forms an excellent medium for testing

sugar filters. By diluting a portion of the smoke coming to the

filters with a measured amount of pure air until it matches
the outgoing smoke the measure of the filter effectiveness is

obtained. It was found that the sugar tubes allowed fully half

of the air suspended particles to pass through them but
when pulverized sugar was used instead of granulated nearly

all of the particles would be caught.

In the investigations now proceeding in the mines the granu-

4PieWner, A. C, O'berfell, G. G., Teague, M. C, and Lawrence, J. N.,

Methods of testing gas masks and absorbents. Jour. Ind. Eng. Chem.,
Vol. 11, 1919, pp. 519-540.

lated sugar is still in use because it is desired to make the

present data correspond to that which preceded; but the

pulverized sugar filters will undoubtedly be used in following

investigations.

Many other gas problems of varied nature have recently

been presented to this industrial gas laboratory for solution,

such as developing simple tests for detecting the presence of

poisonous gases in air, determining the quantities and kinds

of poisonous gases generated in some fires, the feasibility of

applying stenches to some city fuel gas supplies such as blue

water gas and natural gas. The odor of the stench in the gas

would warn persons of its presence should it escape from leaks

in the pipes and so serve to prevent asphyxiations and explo-

sions which many times wreck buildings, and it would help to

overcome a considerable loss of gas that occurs in the distri-

bution.

Altogether these problems seem to put gases in much the

same category as fire—when allowed to work their way un-

hindered they may become the master of man—kept in their

proper place and controlled they are a most useful of servants.

A New Cadmium-Vapor Arc Lamp*
Alloying Cadmium with Gallium to Produce a Lamp Giving a Monochromatic Red Light

By Frederick Bates

Physicist, Bureau of Standards

THE necessity of increasing the intensity as well as the

number of monochromatic-light sources has been empha-
sized frequently during the past few years. Unfortu-

nately, little has been accomplished toward attaining this ob-

jective. In 1906 the writer1 directed attention to the impor-

tance of this subject and suggested that the so-called yellow-

green line (X:=5461 A) of incandescent mercury vapor be
adopted as the source for standardization purposes in polari-

metric work. The quartz-mercury vapor lamp was a great ad-

vance in that it provided not only the yellow-green line, but
several additional lines of lesser intensity. The best available

methods of optical purification are such that a monochromatic
source is of little value unless the line is so sufficiently removed
from its immediate neighbors that nearly complete separation

by spectrum filtration is possible. If sufficient monochromatic
light to satisfy modern practical and research needs is to be
obtained from any such source, it is necessary to use a rela-

tively wide slit, with a consequent probable inclusion of other

wave lengths in the immediate vicinity of the one desired.

When the most intense of all known light sources—namely,

the direct radiation of the sun—is utilized, the necessary slit

width, while less than that for any other known source, must
still be such as to include a relatively large number of wave
lengths. The effective wave length, or so-called optical center

of gravity of such a group of waves, can be considered as a

monochromatic light source in only a very restricted sense

and finds effective application in but few fields of work. It

is especially unsuited to the study of phenomena which change

rapidly with a change of wave length. The necessity of

obtaining additional intense-light sources is consequently im-

perative.

Among the possible sources which have been suggested is

that of the rotating arc with cadmium-silver alloy electrodes.

This source gives a number of fairly intense lines sufficiently

isolated from each other and fairly well distributed through-

out the spectrum. The writer has carried out many experi-

ments with this source, using an improved rotating arc. It

was found impossible to maintain an arc sufficiently free

from flicker to give satisfactory results.

Another possible source experimented with is the quartz-

cadmium vapor arc lamp, described by Lowry and Abram. 2

Scientific Papers of the Bureau of Standards No. 371.

m. S. Bulletin, 2, p. 239 (1906).
3Trans. Faraday Soc, 10, p. 103 ; 1914.

This lamp is always unsatisfactory, owing to two defects. It

is necessary to have it permanently connected to an air pump
and to immerse the electrodes in water. If the cadmium in a
vapor lamp is sufficiently pure, the adhesion between the cad-

mium and the quartz results in the destruction of the lamp
upon the solidification of the cadmium. An improved form of

lamp has been brought out by Sand.3 In this type the tendency

of the cadmium to adhere to the quartz is stated to be lessened

by introducing into the lamp a small amount of zirconia in

the form of a fine powder. The cadmium is placed in a side

tube connected to the pump and to the body of the lamp by a

tube constricted to three capillaries for the purpose of filtering

the metal. Additional filtering may be obtained by intro-

ducing a roll of iron gauze. Extensive experiments by the

writer with this type of lamp have demonstrated that it is

impracticable if a pure cadmium spectrum is desired. The
method of filtering suggested is inadequate. The impurities

introduced into the lamp by this method of filling undoubtedly

have a tendency to prevent breakage, but effectively prevent

obtaining a relatively pure, intense cadmium spectrum. In

order to eliminate all oxide and other impurities from the cad-

mium used in filling, it is necessary carefully to distill the

cadmium into the body of the lamp. Upon allowing the lamp
to cool, adhesion between the quartz and the metal takes

place in spite of the presence of the zirconia. If the lamp

does not crack upon the first solidification of the cadmium,

thin sections of the quartz are peeled from the walls by

the contracting metal. Upon cooling a second time the lamp
invariably cracks.

Numerous experiments of varied character failed to over-

come the continued breakage of the Sand lamp. Among the

filling mixtures tried was a cadmium-mercury alloy. The

percentages of the constituents were varied over a wide range.

The introduction of the mercury was very effective in pre-

venting the cracking of the lamp, as the alloy formed was so

soft that no appreciable adhesion between it and the quartz

resulted. However, it was found impossible to obtain a bril-

liant cadmium spectrum under any circumstances. The vapor

pressure of the mercury was so much higher than that of the

cadmium that the electric energy was carried almost entirely

by the mercury, and the usual mercury spectrum resulted.

In view of the preceding facts, it was evident that a ser-

3Proc. Phys. Soc, London, 28, p. 94 ; 1915-16.
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viceable, brilliant, cadmium-vapor lamp might be obtained by

alloying the cadmium with a suitable element of lower vapor

pressure. Through the courtesy of Dr. W. F. Hillebrand, a

quantity of the little-known element gallium was obtained.

The material was in a very impure condition, containing ap-

proximately 10 per cent indium. The freezing point was be-

low 22 C C, at which temperature it was a liquid with a vis-

cosity less than that of mercury. A study of the impure ma-
terial was made by Dr. G. E. F. Lundell, who succeeded in

obtaining the gallium in a relatively pure condition.

Crude gallium was dissolved in aqua regia, treated with

sulphuric acid, and fumed to remove nitric acid. After dilu-

tion, small amounts of lead sulphate were filtered off. The
solution was then diluted, treated with hydrogen sulphide,

and filtered to remove the hydrogen-sulphide group of ele-

ments. The filtrate was boiled to expel hydrogen sulphide

and treated with ammonium hydroxide. The precipitate was
filtered off, dissolved, and reprecipitated three times to free

PIG. 1. CROSS SECTION OF CADMIUM LAMP WITH TUBE
FOR DISTILLING AMALGAM INTO THE LAMP

it from zinc. The final separation from indium was based

on the solubility of gallium hydroxide in a solution of sodium

hydroxide and the insolubility of indium hydroxide in that

reagent. The sodium hydroxide separation was carried

through three times. The position of gallium was finally

carried out by electrolysis of the alkaline solution, as recom-

mended by Uhler and Browning.4

The purified gallium had a freezing point of approximately

30° C. This surprising fact has since been verified by the care-

ful work of Richards5 who has definitely fixed this tempera-

ture at 30.8° C. Little is known regarding the boiling point

of this element. The few experiments which have been made
are in agreement that it is above 1500°C. This property

should make gallium an ideal substance for the purpose in

hand, provided it would alloy with cadmium. The first ex-

periment demonstrated that it unites with cadmium with the

utmost ease. In fact, the addition of a few drops to 10 or

15 cc. of cadmium completely changed the texture of the latter,

rendering it relatively soft and greatly reducing its tensile

strength. Subsequently it was discovered that upon distilling

the cadmium from the alloy at a pressure of 0.001 mm. of

mercury, the minute quantity of gallium carried through was
sufficient to change completely the character of the cadmium

"Am. Jour. iSci., 192, 42, Fourth series, p. 389 ; 1916.
5Jour. Am. Chem. Soc, 41, p. 131.

and to prevent adhesion between the cadmium
of the lamp.

The type of quartz lamp used in the experiments is that

shown in Fig. 1. The total volume is approximately 10 cc.

The electrodes consist of tungsten wires B entering through
quartz capillaries. These are closed with lead seals similar

to the type described by Sand.6

In filling the lamp, the cadmium, containing 2 or 3 per cent

gallium, is placed in the bulb F. It is necessary to maintain
the pressure in the lamp and connections below 0.001 mm. of

mercury, with the exception of that due to the cadmium and
gallium, throughout the process of distilling. Since the volume
of the lamp is relatively small, the quartz capillary at E
should be of such a length as to permit of sealing off in the

shortest possible time. The flame used for this purpose should

be small and the heating of the tube on both sides of the

capillary prevented as far as possible.

The method indicated above, if carefully followed, will

yield a lamp with indefinite life. One of this type has been
in intermittent use for over a year and shows no sign of

deterioration. Should traces of oxide or stains due thereto

appear during the process of filling, they can be reduced readily

by introducing pure, dry hydrogen and heating. The lamp may
be started by heating with a flame to vaporize the metal. It is

in all cases advisable to have a current of air blowing upon the

lead seals to keep them cool. If the blast is allowed to strike

the body of the lamp, the cadmium is condensed and obscures

the arc. The most convenient source of energy for operation

is the ordinary 110-volt lighting circuit, on which it will op-

erate continuously with a current as small as 3 amperes and
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FIG. 2.—GALLIUM SPECTRUM

a drop of 14 volts across the terminals of the lamp. However,
the most satisfactory results are secured with a current of

about 7 amperes and a drop across the terminals of about 25
volts. Under this condition a practically pure cadmium spec-

trum of great brilliancy is obtained. The intensity secured
is apparently equal to that which would be obtained were the

lamp filled with cadmium alone. The map7 of the spectrum
of gallium given in Fig. 2 is interesting. In this connection

the wave lengths and intensities of the lines are given in

Table 1. It will be observed that there are but four lines

in the visible spectrum, and that from practically 4,200 A
to 6,400 A there are no lines.

Table 1.

—

Visible Spectrum of Gallium.

Wave length A Intensity

3020.61 3

4033.18 10

4172.22 20

6396.99 8

6413.92 6

When the lamp is operated at a temperature sufficiently

high to bring the quartz to a cherry-red color and there is

danger of softening the lamp, several gallium lines become

faintly visible. The investigations of Uhler and Browning8

indicate the possibility of two gallium lines 5,353.81 A and

5,359.8 A. However, these lines, if present, are so faint at

the highest temperature at which the lamp can be operated

that they cannot be identified. The cadmium spectrum is

thus obtained in a condition exceedingly favorable for those

purposes for which an intense monochromatic light source is

indispensable. No gallium lines are found between 4,200 A
and 6,400 A, and the gallium lines which are detectable have

so low an intensity that they are wholly negligible in polar-

imetric and other fields of work.

GProc. Phys. Soc, London,, 26, p. 127 ; 1914.
7Eder and Valenta, Atlas Typischen Spektren.

>Amer. Jour. iScd., 42, p, 389; 1916.



New Method of Damascening Metals*

An Ancient Art of Metal Decoration Improved and Simplified by the Aid of Photography

HISTORICAL records show us that more than 5,000 years

ago the tempering of copper was a common prac-

tice in Babylonia and in Egypt and instruments pos-

sessing exceedingly great hardness as well as delicacy of

edge and of point were made of this metal and employed by
the ancients to incrust the hardest kinds of stone—an art

which today must be regarded as practically lost! We are

not only ignorant of the processes employed by the ancients

in tempering copper but also of the theory and practice of

their method of metal working in the art of incrustation.

Damascening, or the art of inlaying, is one of the most ad-

mirable forms of technique for beautifying materials ever in-

vented. It is as ancient an art as the tempering of copper ; or

rather we may say that the tempering of copper was a result

of the experience obtained in the technical operations involved

in the art of Tausia.

The terms Tausian, incrustation, and Damascening, signify

the art of making pictures upon various metals by the inlaying

of particles of gold and silver, and the method of operation re-

ceives its name from the metal employed as a foundation.

The inlaying of steel and iron with silver or gold is termed

Damascening whereas the inlaying of brass and copper with

gold, silver or bitumen is called Tausia. The inlaying of brass,

copper and bronze and likewise lead with black and silver

enamel has received the name of black enameling, . or tula, or

niello.

As we have remarked, the technique of this process has

been mentioned, but it has been nowhere described for us.

However, the discoveries made by explorers in ancient lands

have revealed to us the complete technique employed by the

ancients. Especially valuable are the utensils1 and vases

found, as well as the images of idols, whether Chinese, Japa-

nese, Assyrian, Egyptian, Greek or from ancient India ; other

instructive objects are the Roman votive tablets and incense

burners, as well as the Italian drinking vessels, weapons

and sacred statues ; likewise the armor of the kings and

emperors of these times, which were partly inlaid with silver,

gold, or pure copper, and partly with neillo bitumen.

This art was but lttle exercised during the Middle Ages.

Not until the 15th century did the art of Tausia begin some-

what to revive, being employed by the makers of plate armor

and weapons of gold and silver. This craft was especially

practised in Milan, Brescia, Madrid, Toledo, Venice, Rome,

Tuscany, Augsburg, Nuremberg and Munich. However, the

long continued wars of this period caused the art of Tausia

to fall into neglect and it was not until the 17th century that

an endeavor was made to revive and develop it.

This revival first exhibited itself in Russia, and the ob-

jects made by these craftsmen made their appearance in trade

under the name of Tula silver. It certainly seems odd that

at a time when human taste is so highly developed as at pres-

ent the art of genuine Tausia should be so little practised.

This is all the stranger since today the manufacture of com-

mercial objects has reached a degree of perfection which was
unattainable to the artists who lived 6,000 years ago.

Our industries confine themselves, with few exceptions, to a

mere imitation of genuine art and this, unfortunately, is to

the disadvantage of the object manufactured. We need only

recall the so-called colorings produced in brass, copper, silver,

gold, and nickel by manufacturers to perceive that such

crude effects can in no way be compared with these genuine

antiques.

If we wish to practise the genuine art of Tausia, the first

question is as to the nature of the object upon which it is to

Translated for the Scientific American Monthly from the Elehtro-

technische Zeitschrift (BerliD), Oct., 1919-Jan., 1920.

be applied. For instance, let us suppose that the tinsmith and
metal molder have made a copper vase one meter in height,

and that the latter is to receive an incrustation of silver and
gold in accordance with a prescribed text and drawing, the

latter being an arabesque containing motifs from human life.

First of all the drawings must be imprinted upon the vase.

This can be accomplished by means of small notched wheels
having points as hard as steel and as sharp as needles ; after

the drawing has been pasted upon the surface of the object,

these tracing wheels are run over the different lines of the

drawings with a moderate degree of pressure. The perforated

lines thus produced are then indented with a graving tool and
the ground cross-hatched or roughened.

Particles of gold and silver which had been previously cut

and then bent off are now placed in the lines of the drawing
and hammered firmly in. with a small round hammer. The
particles of the metals at once unite with 'the ground and re-

quire no further treatment. It is now, of course, a mere
matter of taste as to whether the drawing is left as a com-
position of gold and silver upon the red background, or whether
this red background is transformed into a black one. This
transformation could likewise easily be effected by merely

placing the incrusted vase in a solution consisting of one liter

of water, 200 gr. of copper sulphate, 750 gr. of aqueous am-
monia having a specific gravity of 0.96 and allowing the sat-

urated solution to take effect for about half an hour. The
vase is then thoroughly washed in clean sawdust ; silver and
gold will be unaltered, whereas the copper vase is now of an
intense black color.

If the drawing is to be inlaid with silver and tula, it is best

first to fuse the tula or enamel with the flame of a blow pipe.

Not until this has been done are the silver particles hammered
into place. The drawing will then show in strong relief

against the copper in tones of white or dark gray.

It is evident that this kind of work is quite profitable in

spite of the expense of the material, but nowadays this sort of

individual labor is insufficient to satisfy the demands of either

the public or the workmen. Products must, as a usual thing,,

be made on a large scale at the present time.

To accomplish the production of such genuine enameled, in-

laid, incrusted metal ware it is necessary to inlay the smooth

surface before the metal object is shaped. This, of course,

cannot always be done, but it is possible in the great majority

of cases.

The first step, therefore, is to cut the sheet metal roughly

with an eye to the nature of the object to be manufactured and

the dimensions of the drawing. In making the drawing ex-

treme care is taken to see that in the copy the picture to be

manifolded falls at exactly the right place, so that after it

is imprinted, etched and incrusted it will fall in the exact

middle of the metal plate. The metal plate which is to be

imprinted or otherwise treated is stamped or punched after

the incrustation, and is then ready for further treatment.

When all of the separate parts have been made ready and

mounted the objects can be polished or ground as desired.

The process thus described, therefore, includes the following

steps

:

1. Preparation of the metal.

2. Preparing the drawing.

a. By tracing from the original.

b. By photography.

3. Preparation of the copies.

a. The negative.

b. The positive.

4. Transferring the copy directly to a metal plate.

5. Blacking in the copy.

42
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6. Making the impression.

7. Powdering and firing.

8. Etching.

9. Punching.

10. Mounting.

11. Polishing, varnishing, waxing.

The drawing upon the page to be etched can be most con-

veniently transferred by means of a blue indigo paper. But
this can also be accomplished by using gutta percha dissolved

in alcohol, and painting the object by means of a brush with

this solution. When it is done there remains upon the plate

after it is dried a thin film of a grayish yellow and upon this

film the drawing can be traced to correspond with the original.

Thereupon all the parts that are not to be etched must be

covered with asphalt varnish or, if possible, also with an

impression color-wax also, whereupon it is ready for etching.

Since this process cannot be employed for the gross pro-

duction of articles, the process of photographic impression is

made use of. By means of photography different copies of an

original drawing can be manifolded in the greatest variety of

sizes and in exact correspondence with the original which

can then be kept for future use. The principal feature of the

photographic process is the enlargement of the original

drawing.

The drawings must always be made upon perfectly white

cardboard with black India ink and in such a manner that

they consist only of points and lines, tones being absent. After

the drawing is perfect in all respects the next step is to make
a negative, i.e., a glass plate upon which a reversed image of

the original is seen, both as regards color and position. In

other words the black lines of the original show white upon

a glass plate and . are therefore transparent whereas the

white ground is black upon the negative and therefore non-

transparent. When a piece of sensitive paper is placed under-

neath such a negative a positive copy is obtained correspond-

ing perfectly to the original in the smallest details. In order

for the drawing of the positive to stand out as absolutely

clear from the white ground as in the original the negative

must consist of absolutely black, non-transparent portions and

absolutely white, perfectly transparent portions.

When it is desired to obtain negatives without photographs

a glass plate is covered with a colored gelatine layer, which

allows no light to pass through it. The drawing is made upon

this with the needle and the rasper. The operator then pro-

ceeds as follows: To begin with a glass plate is carefully

cleansed and then covered with a mixture consisting of 10 gr.

of gelatine-bone glue in 100 gr. of water in which carbonic

acid lead oxide has been stirred until it is of the consist-

ency of broth. Before being applied, however, this mixture

must be carefully rubbed upon a color block, so that there is

no danger of any bubbles being formed upon the glass plate.

It is important also that the gelatine layer should exhibit

no transparent or translucent spots. This layer is dried in

the air at a moderate temperature. The drawing is then cov-

ered with "balquir" paper, and the plate is laid with the glass

downward upon a black cloth and the drawing is etched in.

The particles of gelatine which have been removed are brushed

away with a soft, broad paint brush. In order that the plate

or gelatine layer shall be non-sensitive to light it is immersed

in a solution of sulphuretted hydrogen (this is obtained by dis-

solving in 100 parts of water 1 part of sulphuric acid and 1

part of iron pyrites or of cuprous sulphide) which changes the

"white lead oxide into a brownish yellow lead sulphide. A dis-

agreeable accompaniment of this last operation is the ex-

tremely offensive smell of the sulphuretted hydrogen, and it

is desirable, therefore, to transform the lead oxide either in

a separate room or in the open air. After the plate is dry it

is varnished. When copies are to be prepared directly upon

small plates, whether this be done by means of the asphalt

process or by mean of the albumin process, these negatives

upon glass plates are not very practical. In this case a nega-

tive film is employed. This is prepared as follows : An unvar-

nished negative prepared according to the collodium process is

washed several times with warm water and afterwards cov-

ered with a so-called leather gelatine.

The negative must be well powdered and laid perfectly

horizontal. The leather gelatine is poured on until it has
been distributed evenly over the entire negative glass plate.

If air bubbles make their appearance they must be destroyed
with the point of a sheet of the finest tissue paper.

The leather gelatine consists of the following components:

(a) 8 gr. of gelatine or (b) 1 gr. of gelatine

4/10 gr. of glycerine 4/10 gr. of glycerine

1 gr. glacial acetic acid 9 gr. of water.

70 gr. of water
15 gr. of alcohol

The gelatine is first softened in cold water, then melted and
then immersed in a hot water bath, after which it is al-

lowed to cool to the temperature of 40 deg. cent, and filtered

through muslin. The amount required for coating the nega-
tive—which is lying in water—is about 3.8 ccm. of the
leather gelatine per 10 sq. cm. of the surface. In order to se-

cure the precise placing of the negative to a leveling stand by
means of whose screw foot the negative can readily be made
exactly horizontal by the aid of the water level. When the

leather gelatine has congealed upon the negative, the latter

is allowed to remain in position for two or three days; the
film is cut along the four edges and carefully removed and pre-

served in a stout book of suitable size.

While the light is taking effect the negative must remain
in close contact with the sensitive paper or with the sensi-

tive plate of metal or glass. In order to accomplish this the

photographic copying frame is employed. If it is necessary

to have a very strong pressure then the springs of this frame
must be replaced by wedges of wood, from three to five of

which must be inserted each time under each band.

If it is desired to make a copy of a glass negative upon
paper the negative is laid with the side containing the pic-

ture or drawing upwards upon the reflecting plate and place

the prepared side of the sensitive paper upon the negative.

Finally, about two dozen sheets of soft paper are laid upon
it and covered with black cardboard ; the frame is then

locked and the proper pressure applied for printing.

In order to obtain perfect work various manipulations must
be performed in a dark .room. . . .

We now come to point 5—the blacking in of the copy and
next to point 6, the impression. The process of photo-chemical

printing is based upon a property of chrome gelatine, which
under the effect of light beneath a photographic negative

ceases to swell and absorbs printers' ink, while those parts

not affected by the light readily swell and do not absorb

printers' ink.

The process is in general as follows : A piece of paper

covered with gelatine is placed in a solution of double po-

tassium chromate to be made sensitive to light, after which

it is dried, placed under the negative and exposed to light.

After the exposure is finished the layer of gelatine is lightly

covered over its entire surface with thick printers' ink and

the copy then laid in cold water for about fifteen minutes.

When a damp sponge is passed over the blackened copy the ink

is wiped from the unilluminated portions while it adheres

firmly to the illuminated portions. In this way, therefore, we
obtain a positive copy upon the sheet of paper or of metal.

It has been observed by operators that it is rather difficult

to remove the ink from the unilluminated gelatine by means

of the damp sponge referred to. On this account the experi-

ment was made of covering the sheet of paper or of metal

with chrome albumen. However, this was not found satis-

factory since in this case the sponge readily removes the

printers' ink from those parts which are free of the albumen,

and this gives blurred outlines.

A paper is now employed, therefore, which contains a layer

of albumen placed upon a layer of gelatine. Since the non-
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exposed portions of the albumen layers are soluble in water
the sponge easily and rapidly removes the albumen and the

printers' ink it contains. Meanwhile the gelatine substratum
prevents the paper from being marred by the process of wash-
ing. By this means the danger of injury to the drawing is prac-

tically avoided. In order to sensitize the so-called Husnik
paper a chrome salt bath is employed of the following com-

position :

1 gr. double potassium chromate
14 gr. of distilled water

4 gr. of alcohol.

When the solution of the salt has been accomplished, aqueous
ammonia is added until the solution assumes a deep yellow

color. While the addition of the alcohol prevents the albumen
layer from being dissolved in water, the ammonia causes the

transformation of the double potassium chrome into a less

sensitive double salt of potassium chrome and ammonium
chrome, which, however, is again transformed into the double

chrome salt after the ammonia has been evaporated from
them.

About as much paper is prepared at one time as can be used

upon the following day. When the paper has been carefully

removed from the bath, being held by two corners, it is allowed

to drain and dry in the dark room.

After the paper is dry, which requires from 12 to 16 hours,

it is pressed firmly together with the negative and exposed

to the light; from one to four hours is required in the sun-

light and ten to twenty hours in the shade, but sometimes

from 60 to 180 minutes suffices if the light is strong enough.

When the negative is placed directly upon a printing plate

—

whether it is zinc or aluminum—the following operations are

observed

:

1. Cleaning of the plate with matting.

2. Preparation of the plate.

3. Exposure of the latter for a longer period of time than

when paper is employed.

4. Rolling up and development of the copy.

The aluminum plate is first cleansed from possible grease

or oil in benzine, and then has its surface dulled by being

placed in 5 per cent solution in water of hydrofluor-silicic

acid. It is now given an even mat surface by means of a soft

mat surface by means of a soft piece of felt and the finest

piece of felt and the finest powdered sulphur. The plate

which was previously washed in pure water now assumes a

slightly gray aspect.

The aluminum plate after being thus prepared is coated

with a sensitive layer composed as follows

:

2,000 grs. distilled water.

48 " Egg-albumin.

7 " chromammonium.
100 " aqueous ammonia.

After being dried the photographic negative is put together

with the plate thus prepared (all operations being conducted

in a dark room), in a copying frame and exposed to the light

under strong pressure. The exposure requires from one to

two minutes in the sunlight and from five to ten minutes in

the shade.

Since there is danger when there is too long an exposure

that the color might be rubbed away from the exposed portions,

it is advisable not to open the copying frame, to make use of a

photometer. In order to do this the photometer box is filled,

the cover closed so that the strips are pressed firmly by

means of the spring against the transparent scale through

which the light penetrates, coloring the strips brown. Printed

figures and letters which stand out clearly upon the dark

ground of the chrome paper strip indicate the places to which

the effect of the light has penetrated. After a few trials

one readily finds the photometer degree corresponding to a

suitable length of exposure with the correct exposure time

after the ink has been applied. The latter is readily removed

from the unilluminated portions provided that too much ink

was not employed.

The copy goes now from the photograph to the stone press,

where it is printed and manifolded by means of a metal hand
press or of a rapid press, indirectly by means of rubber upon
properly punched pieces of sheet metal, which have been pre-

viously cleansed.

As stated above the drawing must go exactly in the middle
of the sheet of metal in order that it may be in the correct

position on the mounted article. When there has been no er-

ror in the calculation it is possible by means of a press to

make from 150 to 200 copies in eight hours, after a little prac-

tise.

Upon the rapid press this can be sextupled, but constant care
must be taken to have a perfect press layer. So soon as

the ground metal becomes fixable in fine point and after

the pouncing and firing the plate exhibits a grayish-

brown color one may know that the press layer is too light.

According to the sort of drawing employed an etching may
occur frequently, but in most cases, however, the etching

liquid will strike through, i.e., it will attack the ground metal
in those portions which ought to be protected ; it is obvious

that in the case of works of art this must never be allowed

to occur. For this reason it is of prime importance to use a
printing color which is unobjectionable. Such a color may
be prepared by any of the following four methods:

a. 16 grs. mastic.

50 " Burgundy resin.

125 " Wax.
200 " Asphalt.

500 " Oil of turpentine.

b. 8 " Lithographic printer's ink.

1 " Wax.
Add turpentine until the measure is of the consistency of

syrup.

c. 125 Grs. Wax.
120 " Tallow.

100 " Vaseline.

130 " Elemic resin.

1800 " Black ink.

Add a very small amount of moderately stiff varnish.

d. 4 grs. Wax.
1 " Venetian soap.

1 " Venetian turpentine.

1 " Mastic.

1 " Borax.

1 " Spermacetti.

1 " Colophonium.

1 " Tamar resin.

1 " Oil of lavender.

When a sufficient number of plates have been printed they

are then powdered and fired in order to protect the drawing
from external influences, such as the action of water and
acids and the effect of handling.

In order to accomplish this it is necessary at once to powder
the still damp print with French chalk and asphalt and then

to dust it off with delicate, regular strokes by means of a

very fine hairpin, after which it is slightly warmed in a gas

oven. If this warming process continues too long, the burned
print color cannot be removed by the subsequent washing with

benzine or with benzol (benzene). After the burning in or an-

nealing which follows, the rear side of the printed sheet of

metal -is coated with asphalt varnish in order to protect it

against the effect of the acid during the process of etching.

A certain amount of retouching must also be done, varying

according to the quality of the print, i.e., faulty, or uncovered

portions of the drawings or injuries of the latter must be cov-

ered with asphalt varnish by means of a fine paint brush.

It is now ready for the etching. It is obvious that in the case

of such incrustations as are here in question different acids

and different chemicals must be employed for each kind of

metal or alloy. It is not the purpose of this article to give

a detailed account of such work, but merely to show the way
in which the ancient art of "Tausia" can be revived.
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In order to etch in the drawing a solution of hydrochloric

acid, chloride of iron (ferric chloride) and chlorate of potash

is used. This solution should have an average temperature of

25°C. If the drawing is of such a sort as to include broad

surfaces together with very delicate lines, or when the article

is to be black enameled (niello) it bcomes necessary to in-

terrupt the etching process at the end of about half an hour,

to dry the plates in the gas stove, and to cover the line draw-

ing with asphalt varnish. Not until this is done can the

etching be continued till it attains the desired depth. As
soon as this is reached the plate is rinsed off in clean water

and then either incrusted or nielloed.

For this purpose there are employed mechanically prepared

particles of precious metals which are hammered in to the

lines of the drawing, or else, when these are too delicate for

such treatment, deposited by means of a galvanic bath. Those

portions which are to become silvered, in the latter case are

first covered with asphalt varnish ; after this the article is

suspended in a bath until it acquires any desired color. After

each separate coloration the coating of varnish must be washed

off and the drawing recoated, each time omitting the portions

which are to be* colored.

When niello is to be used it may be prepared by one of the

following three formulae

:

Chemically pure

Fine silver Copper Lead Sulphur

1 parts 2 parts 3 parts 12 parts

3 " 5 " 2 " 18 "

1 " 1 " 5 " 6 "

Fine silver Copper Lead
2 parts 4 parts 6 parts

1 "
l " 2 "

3 "
7 " 10 "

3 " 10 " 1 "

Fine silver Copper Lead
2 parts 5 parts 3 parts

3 " 4 " 2 "

4 " 8 " 3 "

Sulphur Sal Ammoniac
18 parts 4 parts

4 " % "

20 " 5 "

10 " 2 "

Sulphur Borax
20 parts 1 parts

24 " 2 "

28 " 3 "

The copper . and silver are first fused together and when
the molten metal has somewhat cooled off the lead is added. In
a second crucible sulphur and sal ammoniac are fused to-

gether, well stirred and poured into the molten metal. The
flux is then poured into cold water and thoroughly stirred

with an immense broom. The grains obtained in this manner
are finally pulverized in a mortar and preserved in the state

of powder.

When the article has been etched the operator takes as
much of this prepared powder as is required by the design,

stirs it into a small amount of sal ammoniac solution to form
a sort of broth and then fills the crevices of the design with
the latter. Heat is now applied until the inlaid particles are

fused, after which the object is allowed to cool and then pol-

ished. The polishing of all three models can be done either

with steel or with blood stone and a revolving swab.

When the article is thus far ready there follows the rolling,

pressing, and finally the printing of the separate parts as

well as the mounting. When the object is entirely finished it

receives a final polish.

Catalysis by Means of Precious Metals*

The Use of Platinum and Palladium in Various Forms as Catalytic Agents

CERTAIN metals have an action termed catalytic, which

is manifested in three different forms, namely, hydr.o-

genation, oxidation, and molecular splitting, upon cer-

tain bodies placed in contact with them in a current of hydro-

gen or of oxygen ; these reactions take place without modify-

ing the metal. The origin of this process, which at the present

time is assuming considerable industrial importance, goes back

to the experiment performed by Davy (1817) in combining

hydrogen and oxygen in contact with a heated leaf of plati-

num. Platinum is one of the best catalyzers known, especially

when in a divided state, in which case it is known as platinum

moss or platinum Mack; the related metals (palladium, rho-

dium, iridium, and osmium) and likewise silver, possess analo-

gous properties.

La Journal des Usines a Gaz (Paris) (Gasworks Journal)

publishes in the numbers for June 20 and July 5, 1919, an

article upon this subject, by M. Mailhe, from which we abstract

the following paragraphs.

HYDROGENATION.

In contact with platinum black, in the cold, double valences

are saturated with hydrogen. Thus ethylene is changed into

ethane ; in the same manner acetylene attaches to itself, in

the cold, four atoms of hydrogen, becoming transformed into

ethane. Anylene yields pentane. Pinene and camphene are

totally transformed in the cold into the corresponding di-

hydrides

:

Ci H16
-4- H2 = C10H1S

These reactions are effected in a very simple manner. The
substance to be hydrogenated is placed in a receptacle which

communicates with a graduated gasometer containing hydro-

gen under a constant pressure ; the said substance may be

Translated for the Scientific American Monthly from he Ctenii
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taken just as it is, or it may be previously dissolved either in

a neutral solvent or in ether. A certain amount of platinum
black is then added and the mixture is agitated mechanically

in order to keep the platinum in a state of suspension in the

liquid mass. A rapid absorption of hydrogen at once begins to

take place becoming slower in proportion as the substance be-

comes saturated. When the transformation is complete the

level of the hydrogen in the gasometer ceases to fall.

By means of this treatment incomplete acids and alcohols

are saturated at the point of the double valence. Allylic alco-

hol yields propanol ; oleic acid leads to stearic acid and the

oleic ethers to stearic ethers, a reaction which finds an in-

dustrial application in the hydrogenation of oils. Finally, the

aldehydes and the cetones are changed into primary and
secondary alcohols.

The hydrogenation of the benzenic nucleus was long con-

sidered to be peculiar to divided nickel, but in 1891 Vavon
proved that platinum black can occasion the same phenomenon.

In attempting simply to saturate the double valence of ben-

zylidene-cetone, C 6H5CH — CHCOCH,, by agitation in the cold

with hydrogen in the presence of platinum black, he observed

at the beginning a very rapid rate of absorption of the gas

which later diminished, the reaction finally terminating with

extreme slowness. The product obtained, which was definitely

hydrogenated, was cyclohexyl-butanol, CsHuCHjCHOHCHj.
Thus in this case not only the double valence and the cetone

group each flx two atoms of hydrogen, but the three double

valences of the benzenic nucleus disappear as a consequence

of the fixation of six atoms of hydrogen.

Platinum moss.—Platinum moss is a less active catalyzer of

hydrogenation than platinum black, and in the majority of

cases it is necessary to fix the hydrogen at a much higher tem-

perature. However, in 1913, Wilstaetter succeeded in accom-

plishing the hydrogenation of a large variety of aromatic codit
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pounds in contact with platinums moss at ordinary tempera-
tures. Benzene is transformed into cyclohexane, and, as in

the case of nickel, the reaction is prevented by the presence

of traces of thiophene. Toluene, xylene, and durene yield

hexa-hydrogenated derivatives. Naphtaline fixes ten atoms
of hydrogen, yielding deca-hydro-naphtaline with a boiling

point of 185 °C. Phenol leads to cyclo-hexanol, amyline to

cyclo-hexylainine, etc. On the whole, platinum moss, like

nickel and like platinum black, readily secures the hydrogena-
tion of the aromatic nuclei. It is likewise an excellent cata-

lyzer for the fixation of hydrogen upon oleic acid, which is

thus changed into stearic acid.

Palladium.—Palladium in its various forms possesses in a

far higher degree than platinum the property of absorbing

considerable quantities of hydrogen. At 200° C. palladium

moss fixes 686 volumes of hydrogen, while palladium black

absorbs 852 times its own volume. Consequently, this metal

. . . may be used in the same manner as platinum as a hydro-

genation catalyzer.

Precipitated palladium, obtained by the action of zinc upon
the chloride of palladium, has already been employed by

Zelinsky to transform the cyclic bromides and iodides into the

corresponding carbides. Breteau has applied it to the forma-

tion of the hydrides of phenanthrene. With palladium moss
derived from the calcination at a low temperature of palla-

dium chloride we thus arrive at the octo-hydride of phenan-

threne, C14H18 ; but it is necessary to operate at a temperature

of from 150 to 160°C.

The Spongy palladium obtained by electrolysis and the

palladium precipitated by the aid of sodium JiypophospMte are

likewise capable of producing various reductions.

Among industrial syntheses that of ammonia is undoubtedly

one of the most interesting by reason of the tremendous im-

portance of this substance. As we know its formation by

means of nitrogen and hydrogen : N2 -+- 3H2 = 2NH3 , is an

exothermic reaction. This compound would be destroyed at a

high temperature. Consequently this reaction must be ac-

complished at as low a temperature as possible (about 500° C.)

by employing a catalyzer designed to increase its rapidity.

Moreover, in accordance with Le Chatelier's law with respect

to the disturbance of the equilibrium by a variation in the

pressure, this operation must be carried on with as high a

pressure as possible. But osmium was the first catalyzer em-

ployed by Haber and Le Rossignol to effect the synthesis of

ammonia. By its use it is possible to unite the hydrogen di-

rectly with the nitrogen at a temperature of 550° C. and under

a pressure of 180 atmospheres. However, this metal is still

so rare that its use is as yet impracticable.

OXIDATIONS.

Platinum and palladium fix oxygen in the same way that

they absorb hydrogen. Platinum in thin leaves absorbs from

63 to 77 times its own volume, whereas palladium in the same

form absorbs a thousand times its volume.

Platinum is the classic catalyzer of oxidation. When ordi-

nary alcohol is allowed to fall upon platinum black a violent

reaction immediately occurs, with the formation of aldehyde:

CH3CH2OH + O = H2 + CH.COH.
In the same manner all of the alcohols are changed into

aldehydes through their oxidation by means of the oxygen

of the air. This reaction is extremely violent, so much so, in

fact, that a portion of the aldehyde is destroyed ; it can be

moderated by employing platinized asbestos.

The most important oxidizing reactions effected by the pre-

cious metals are those connected with the manufacture of

sulphuric anhydride and of ammonia and with the transfor-

mation of methyl alcohol (commonly known as wood alcohol),

into formol.

The manufacture of sulphuric anhydride from SO a and at-

mospheric oxygen in contact with platinized asbestos, heated

to 400°C. is too well known to be described here.

The transformation of methyl alcohol into formol or forma-
line is accomplished perfectly in the presence of platinum
black. By directing upon this catalyzer a mixture of methanol
and air we obtain formic aldehyde. Formaldehyde lamps are

based upon this reaction. The preparation of formic aldehyde
having become a reaction of great industrial importance a
considerable number of inventors have sought to improve the

process. Most of the patents obtained in this connection are

based upon the use of silver as a catalyzer. This metal is de-

posited upon asbestos or upon pumice stone, or is utilized in

the state of the moss. 200 gr. of silver nitrate for example
are dissolved in 500 gr. of water ; 100 gr. of asbestos wool are

then placed in the solution and the temperature is raised to

cc. 90°C. The silver is precipitated by the addition of formic

acid or of formol. After the solution has been evaporated to

dryness the asbestos is carded, proper precautions being taken.

In a German patent formaldehyde is manufactured through

the oxidation by means of air of methyl alcohol in contact

with catalyzers formed of couples of metals, such as silver

upon which there has been deposited platinum, rhodium, or

some other metal of the platinum group. Thus silver alone

gives a yield of 75 per cent of formaldehyde; a couple com-

posed of silver and rhodium (1/10,000 of the latter) yields

96 per cent of the aldehyde, and a platinum-silver couple

yields the same percentage.

MOLECULAR DIVISIONS.

Besides the two reactions of hydrogenation, the precious

metals are capable of effecting molecular divisions or "split-

tings," some of which are quite curious in character.

A very well known phenomenon is that of the decomposition

of the peroxide of hydrogen by silver in a pulvarulent condi-

tion, oxygen being liberated upon the contact of the two as

follows

:

H2 2 = H2 + O
In the same manner rhodium black decomposes formic acid

in the cold into carbonic anhydride and hydrogen

:

HC0 2H = CO, -f H,
The hypochlorites are likewise destroyed by this metal, set-

ting free oxygen

:

ClONa = NaCl + O
Platinum black and palladium black, which so readily fix

hydrogen upon the aromatic nucleus, at a low temperature,

dehydrogenate the cyclo-formenic carbides at a higher tempera-

ture, regenerating the benzenic carbides. Thus, at a tempera-

ture above 180°C. palladium dissociates cyclohexane into ben-

zene and hydrogen:

C SH12 = C6H C
-j- 3H2

In the same manner that platinum moss and palladium moss

effect the hydrogenation of the aldehydes and of the cetones

they occasion the splitting up of the primary and secondary

alcohols, which are changed into aldehydes and cetones. Ben-

zhydrol, in particular, yields benzo-phenone

:

C GH5CHOHC6H5 = C6H5COC eH6 + H2 ;

ordinary alcohol leads to acetaldehyde, and secondary propa-

nol to ordinary acetone.

Finally, Delepine, upon boiling sulphuric acid containing

ammonium sulphate, together with leaves of platinum or with

platinum moss, observed a loss of nitrogen, the greater the

prolongation of the experiment the greater being the said loss.

Since the platinum had not changed in weight it is evident

that the ammonium sulphate is decomposed by catalysis.

PROTECTING MINE TIMBERS FROM FIRE.

Magnesite cement is recommended by W. C. Phalen {Engi-

neering World, March, 1920) as a fire protection for mine

timbers. The stucco should be applied in two %-inch coats

to a dry surface. If the temperature is above 50 deg. fahr.

the finishing coat must be laid on before the first coat has

hardened.



PREPARING THE PAPER ROLLS FOR THE AUTOMATS

The card-room where highly trained mem interpret designs into

holes that are punched by machine into rolls of paper. The latter

through the automats control the functions of the Schiffli embroidery
machine.

OPERATING A "SCHIFFLI" BY MEANS OF A PANTAGRAPH

The man or "stitcher" is tracing a design before him. The girl is

rethreading a needle. By lifting the frames carrying the fabric
several lines of embroidery may be worked on each strip of material.

Machine-Made Laces and Embroideries
Automatic and Semi-Automatic Machinery for Working Out Intricate Designs

By Robert G. Skerrett

AMERICAN women spend annually more money than

their sisters of any other nation in the embellishment

of their garments with trimmings of one sort or an-

other. For this purpose laces and embroideries of many
kinds are lavishly purchased, and the wide-spread feminine

taste for finery could not be satisfied if nimble fingers alone

were depended upon for these products. Mechanical agencies

today turn out by far the largest part of the ornamental fab-

rics in question, and the manner in which these machines func-

tion is little short of marvelous.

The industry of machine-made embroideries had its start in

the United States thirty years ago, but the art has consti-

tuted the basis for a splendid business in Europe for a much
longer time. The manner in which Americans first obtained

these trimmings in commercial quantities is worth recalling

because it discloses how the trade name used here for a con-

siderable period effectually misled as to the origin of the ear-

lier consignments of these goods. "Hamburg lace" was a

household term among our mothers and our aunts, and most

persons believed that these washable fineries came from

Germany. There was a reason for this misunderstanding.

An enterprising Yankee, nosing about in Europe, happened

upon the St. Gall district of Switzerland where he found some

thousands of people engaged in the manufacture of embroidered

cotton goods, and he promptly appreciated that our own
womankind would be only too glad to pay well for these com-

modities. In fact, he was so satisfied that the home market

would be a worth while one, that he determined to hide the

source of his shipments to America so that he could monopo-

lize the trade in this country. Therefore, he had his pack-

ages sent to Hamburg and cleared from there to the United

States. So far as buyers on this side of the Atlantic knew for

years the trimmings they admired had their genesis in the
German city. Eventually, the embroideries of St. Gall reached
our shores through other channels, and their Swiss creators

obtained the credit which was rightly theirs.

For decades, the artisans of St. Gall used only hand ma-
chines in the making of embroidered fabrics. It was not until

1S86 that power-driven machines were built capable of com-
peting successfully! with the manually-operated apparatus.

At that date, there were in service just six efficient power
machines in the St. Gall district, but from then on their de-

velopment and adoption became rapid. In 1894, newer and
bigger machines were brought out, and by 1908 there were
approximately 6,000 of these engaged in the Swiss embroidery
industry. The designers of the power apparatus were not able

to duplicate the work made possible by the hand machines ; to

state it broadly, they limited their efforts to adapting the

sewing machine stitch to textile decoration ; and to accom-
plish this a good deal of ingenuity was required.

In the hand machine, the needle passes entirely through the

fabric, drawing the thread after it, and then reverses this

motion much as a human embroiderer does. For that reason

the stitching is alike on both sides of the foundation material.

This, of course, produces the best and the more costly goods.

The "schiffli" or power machine is so named because of the

boatlike shape of its multiple shuttles—schiffli being the Swiss

diminutive for ship. In this apparatus the needle functions

horizontally but otherwise just like that of the familiar sew-

ing machine. As the needle starts to retreat the thread loops

on the wrong side of the cloth, and through this loop the

shuttle carries the thread wound upon its little bobbin—form-

47
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ing in this way a lock stitch. Therefore there is a wrong
and a right side to the work. The alternate movements of the

needle and the bobbin serving to draw the stitches tight.

Schiffli machines are capable of stitching a repetitive de-

sign simultaneously upon two strips of material, fastened in

an upper and lower frame, each having a length of from 6%
to 10 yards ; and according to the size of the pattern or "re-

peat" as it is called, the number of needles varies. A 10-yard

machine is equipped for a total of 678 needles with a corre-

sponding number of shuttles, and all of these are used only

when reproducing a 4/4 design, i.e., one a trifle more than an
inch wide. We shall learn presently how, by employing fewer

needles, it is possible to embroider wider repeats or bigger

single patterns. No matter what the number of needles used

may be, all of them act in unison, so that each one of them
does exactly the same work, makes the same stitch, at the

given instant. In other words if 678 needles are in service,

they simultaneously reproduce the design 678 times. By reason

of this disposition, the needle to the left finishes its stitching

where the one immediately to the right began, and in this

way a continuous strip of embroidery is produced. There are,

of course, two rows of needles—one to stitch the upper length

of cloth and the other to embroider the fabric stretched upon
the lower frame of the machine.

For a 6/4 pattern, in which the repeat is about 1.6 inches

wide, the needles are set accordingly, and each of the two

rows carries, in the 10-yard machine, 226 needles with their

corresponding shuttles and spools of thread. Machines doing

8/4 designs or 12/4 patterns use 338 and 226 needles re-

spectively. To avoid loss of time, and the somewhat vexatious

work of respacing the needles to accommodate repeats of dif-

ferent dimensions, it is customary to adjust a machine for a

given size of pattern and to keep it running only on work
calling for that span. Thus the various machines in a fac-

tory are ready at hand to deal with the standard widths of the

trade. But the interested layman will ask: "How is it

possible, with a needle moving back and forth on a fixed

line, to stitch upon the cloth the intricate motif of the artist's

planning?"

On the sewing machine, with which most of us are famil-

iar, a skilful operator can trace all sorts of lines simply by
shifting the material—the needle the while making only an up
and down movement. In the case of the embroidery machine,

the frames carrying the fabric stand upright and are capable

of vertical and horizontal travel. Thus in a plane perpendicu-

lar to the motion of the needles it is practicable to guide the

material freely and by this means cause the needles to place

their stitches wherever desired. The frames operate in con-

cert, and their motion, within definitely prescribed limits, is

regulated by mechanical facilities which are, themselves,

brought into play by suitable controlling agencies. The lat-

ter are of two sorts in the schiffli machines : those using modi-

fications of the Jacquard attachment and those in which the

functions depend upon a pantographic arrangement which is

primarily guided by a highly trained operative.

While all of the embroidery machines now in this country

are of either Swiss or German make, still certain improve-

ments have been brought out here which have added much
to the effectiveness and the speed of working of the foreign-

built apparatus. The "automat," so called, is conspicuous

among these developments of the art, and was invented here

by a man of Swiss birth, J. Groebli. The Groebli automat

carries a perforated roll which, to the uninitiated, looks not

unlike that used in a piano player. As this roll is unwound
by an electric motor, the perforations allow little rods or pins

to project, which, in turn, dominate the actions of more rugged

mechanisms that shift the frames agreeably to the pattern

punched upon the cardboard strip. In this manner are brought

into play at the proper moment cutters which pierce and clear

away the fabric for the working of eyelets. All the while,

of course, the needles are continually active. The Groebli

automat can be attached to any schiffli machine, and makes it

A ROW OP AUTOMATS AND THEIR RESPECTIVE SCHIFFLI MACHINES

Each machine is capable of working simultaneously upon a total of twenty yards of fabric, and it is possible to turn out 600 yards of

embroidery per day when operating at full speed.
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A GROUP OF AUTOMATIC NEEDLE THREADING MACHINES, EACH CAPABLE OP THREADING 25,000 NEEDLES PER DAY

possible to increase the number of stitches per minute any-

where from 25 to 30 per cent over that of the ordinary schifflli

machine controlled by pantograph.

The success of the Groebli automat, so far as the finished

embroidery is concerned, is contingent upon the way in which

the "card" is perforated by the craftsman whose especial

training has made him fit to translate the original design into

motion and stitches to be executed by the schiffli apparatus.

To begin with, it is essential that this expert shall be thor-

oughly familiar with the capabilities of the embroidery ma-

chine. His aimi is to make every stitch count effectively, if

possible, and to hold down to a minimum the number of op-

erative moves for any given design. The general procedure

in the manufacturing establishment is as follows : First,

the artist produces a pencil sketch, actual size, which serves

as a sample for initial orders. Next, this design is enlarged

by a draftsman on a scale six times that of the original draw-
ing, and hatched to indicate the general direction and charac-

ter of the stitching.

In the punching room, the design is tacked to a vertical

board before which the automat card-maker stands. Two
diagonal strips of metal straddle the design, and these can

be slid independently up and down so as to bring their

upper intersection to any point over the underlying drawing.

Two cords control these motions, and a third one, operated

by the little finger, causes the punching machine to make, at

the desired spot on the card, the required perforation. Off

to the right of the card-maker is a single unit of the embroid-

ery machine which works on a vertical piece of fabric the

design as it is being punched. Thus, he has a guide and a

TWO MACHINES OPERATED BY A SINGLE PANTOGRAPH
This is known as a double power hand-machine. It is embroidering

row after row of separate figures.

CLOSE UP OP THE FRONT OF A SCHIFFLI MACHINE
Part of the controlling mechanism of the automat is shown in the

foreground of the photograph.
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sampler of just how the pattern will look when reproduced

by a schiffli . machine through the agency of the automat.
Plainly, much of the ultimate effect depends upon how the ex-

perts in this department interpret the artists' designs in a

succession of seemingly meaningless holes. These men are

highly paid ; and our native manufacturers have mustered to

their services some of the best of these specialists—drawing
without stint from the embroidery centers of Europe.

When a schiffli machine is controlled by pantograph, the

operator stands at the left of the apparatus, and in front of

him, tacked to a vertical board, is a drawing like that sup-

plied the automat card-maker. The pantograph man guides

the pointer of his lever over the enlarged pattern before him,

and the machine, running the while at a speed which he can

regulate, reproduces stitches in accordance with the movement
of the arm, but upon a scale of only one-sixth that of the de-

sign. Although the needles function mechanically and in

the same manner as the automat-controlled schiffli, nevertheless

the resultant product has a more pleasing effect, because to a

degree the operator is able to bring out his design with a

measure of freedom. He can lengthen his stitches or lie can

shorten them by the travel of his pantograph, and, similarly,

he can "build up" the reproduced pattern—thus lessening the

flat and precise look of the entirely machine-made goods. This

method of operation is employed in the decorating of the finer

textiles, such as organdies, batistes, etc.

As may be readily imagined, the functioning of the shuttle

or schiffli apparatus requires the winding of hundreds of

spools and bobbins. The filling of the latter is especially in-

teresting; and exceedingly ingenious machines do this work
at a rate that makes it possible to keep the embroideries sup-

plied. They are so arranged that they wind upon inch-long

spindles the exact amount of thread desired, cut the thread,

and then toss the bobbins into boxes. These, according to the

ply of the thread, are delivered to the schiffli machines, where

the shuttle girls draw upon them as occasion requires. The

duty of the shuttle girl is to see that the shuttles are filled.

The watcher at the front of the apparatus keeps his eye on
the work and detects promptly any lacking stitches due to a
breaking thread or an exhausted spool. Rethreading is the

work of an instant. Wherever a needle has failed to em-
broider, the imperfection is subsequently marked by inspectors

and the blank spaces stitched in by experts on regular sewing
machines.

Perhaps the intbst interesting work is that or the Ameri-
can power-driven hand machines. These do their work in

much the same manner as the hand machines so exten-

sively employed in the St. Gall district of Switzerland,

but they are capable of turning out a much larger

quantity of decorated fabric in a given time. They are unique
in the industry, and typify the American desire to build Tip

a domestic manufacture of the very finest grades of ^oods such
as hitherto have reached us exclusively from abroad. In these

machines we have in effect mechanically duplicated the action

of a needlewoman as she works her thread back and forth

through her material. As has already been explained, the

stitch of the hand machine is radically different from that of

the schiffli, and no shuttles are needed.

That needles used are pointed at both ends, with the eye in

the middle, and through the latter is threaded just enough yarn

to embroider a given repeat. The operative mechanisms on

both sides of the cloth are identical and function alike, but al-

ternately. For the sake of simplicity let us deal with

but a single strip of the material in the two-story machine.

The needles on the starting side are held in spring clips spaced

equi-distant horizontally, and these clips, in their turn, are

supported by a frame which advances and retreats in relation

to the vertically disposed textile. When the frame goes for-

ward it pushes all the needles through the material and, at

the right instant, opposing clips grasp them and pull them,

with their attached thread, completely through—the initial

clips releasing their hold. A moment later, hooks reach up

MACHINES (ON THE LEFT) WINDING BOBBINS FOR THE SHUTTLES OF SCHIFFLI MACHINES AND (ON THE RIGHT)
WINDING THREAD UrON SPOOLS TO FEED THE SCHIFFLI NEEDLES
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EMBROIDERIES BEING EXAMINED FOR IMPERFECTIONS ON THE STRETCHING TABLES. WOMEN EXPERTS FILL IN ON
THE ISEWING MACHINE WHERE THE EMBROIDERY MACHINE FAILED TO WORK

and pull down upon the following yarn, and in this way
draw the stitch into place. By recourse to these hooks the

horizontal travel of the carriage is held within narrow limits.

It must be plain that the needles are passed to and fro suc-

cessively, the vis-a-vis clips taking turns in pushing and pull-

ing them in and out of the cloth, thus duplicating the design

on the two sides of the fabric.

The stitcher, who controls the movement of the textile to

be embroidered, does this by means of the pantographic at-

tachment, and he times the shifting of his pointer to synchro-

nize with the speed of the needle-guiding frames. The prod-

uct from these machines is of a superior grade, and the em-
broidery is done upon expensive fabrics of wool, silk, linen and
cotton. These machines do eyelet or open work, scalloping,

etc., just like the schiffli apparatus. As might be expected, the

needles have to be frequently rethreaded, and for this service

there has been invented a very interesting little machine which

automatically threads quite 25,000 needles daily. It func-

tions as though inspired by human intelligence. The needles

are dropped in a hopper from which, one by one, they roll

down upon a plate halting with the eye vertical. This is

made possible by flattening the surfaces at the eye portals

so that the needle can come to a standstill on either of two
sides. Immediately after coming to rest, a thin knife blade

descends into the eye steadying the needle, and then shoves it

along a short distance where a clip grips one point. The knife

blade is next withdrawn, and immediately afterwards a hook
enters the eye, catches the yarn and threads the needle on re-

treating. Following this the machine knots the yarn, cuts the

thread the requisite length, and finally sticks the needle into

a strip-like cushion. They are there assembled in a row
with their threads hanging straight down and are ready to be

transferred to the clips of the power hand machine.

After the decorated textiles are removed from the machines,

they are sent to inspecting rooms, where they are pinned on
long tables and all "floating" threads are skilfully removed

MACHINES FOR CUTTING APART THE LENGTHS OF FABRIC ON WHIiOH SIMILAR DESIGNS HAVE BEEN WORKED AND
AT THE SAME TIME OUTLINING THE SCALLOPS
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by clippers. Next, the goods are carefully inspected and
marked wherever defective. The needful "mending" is done

by operatives especially trained for the work. In the case

of cotton fabrics which are embroidered before the textiles are

bleached, the goods are sent, after being repaired, to be

bleached ; and the manner in which this is done has much to

do with the appearance of the merchandise as the public

knows them.

Probably no branch of the machine-made embroidery in-

dustry is more typical of inventive cunning than that of mak-
ing so-called "burnt-out" lace, in which the same apparatus

serves to do the stitching. Imitation filet, Venetian point, etc.,

can be produced in a manner that will deceive any but the

practised eye. Here is where we see Tuton resourcefulness

once more in the realm of adaptation. Thirty-nine years ago

a German of the name of Bickel originated at Plauen the

process of embroidering on tulle, and from this idea of work-

ing upon a net base followed the practice of embroidering on

a material which could be removed chemically so as to leave

only the lacy stitching. Plauen laces have won a world-wide

reputation, and they are fashioned on schiffli machines. When
the fabric to be removed chemically is of vegetable fiber, the

embroidery thread is of animal fiber, and if the material to be

destroyed is of animal origin then the lace is formed of a

thread of vegetable substance. For example, if lace is of

cotton the foundation textile is of wool, as a rule, while silk

embroideries are stitched upon cotton chemically ' treated to

facilitate its removal. The foundation fabric, according to

its nature and preparation, can be done away with either by

a chemical bath or the application of moderate heat. Where
heat is the destructive agency, a temperature of 180 degrees

Fahrenheit will answer. This renders the supporting goods

brittle so that it will break up and disappear as a powder
when brushed. A very large part of the machine-made laces

worn by women are manufactured in this way ; and this fact

exemplifies the flexibility of performance of the embroidery

machine.

In 1890 we imported from Switzerland embroideries and
laces to the value of $7,247,952 ; in 1900 the business . was
valued at $7,389,924; but six years later the Swiss sold to

us goods of this kind to the amount of $15,981,16S. From
that time on until 1913 the United States purchased the largest

share of the Swiss annual production, ranging in the neighbor-

hood of $40,000,000. The war curtailed the consignments to

this country. It is not to be wondered at, then, that some of

our own people determined to develop a kindred industry here,

and between 1890 and 1906 embroidery plants were established

in various States, principally New York and New Jersey,

with a total of 616 machines. Today our factories are of

much larger capacity, and the business has been greatly stimu-

lated by our efforts in the last four or five years. In some
kinds of goods we are in a position to compete w*th the for-

eign products, despite the cheaper labor and operative costs

abroad; and in a general way it may be said that the in-

dustry is a growing one in this country, and the people inter-

ested are doing everything possible to advance it. Incidentally,

they are forming instructional centers where skilled labor can

be trained to meet the different needs of the craft.

Eye Protection in Welding Operations

Search for a Transparent Material That Will Exclude Infra-Red and Ultra-Violet Rays

By C. Sylvester, A.M.I.E.E., A.M.I. Mech. E. (London)

THE art of electric welding has greatly improved during

the past few years. So much so that one can hardly

realize that only a few years ago we were almost afraid

to handle electricity from a welding point of view beyond the

old annealing plant stage.

It is very pleasing to observe that, with the development of

electric arc welding, there have also been satisfactory recent

improvements in the design of the masks and helmets used

by the operators. That these improvements were necessary

there was not the slightest doubt because the old type of

helmet was not only heavy and cumbersome but it was ex-

tremely uncomfortable to wear. I .have seen welding oper-

ators throw them off in disgust at their uncomfort, quite a

justifiable proceeding, as was their poor workmanship. This

can be realized when it is considered that good workmanship

could hardly be expected from men who had to work under

such uncomfortable conditions. Hence, the advent of the

light, comfortable helmet was welcomed.

Although some portions of the equipment used for efficient

arc welding have been improved upon, there is room for great

improvement in other portions of very essential equipment.

The most important of these items, perhaps, is in connection

with the glasses used for the protection of the eyes.

This is a problem for the inventor, one well versed in physics,

and the task he is set to accomplish is to provide a perfectly

safe filter which will permit of the greatest degree of visi-

bility, yet will exclude the infra-red, or heat rays, and the

ultra-violet rays. Ordinary glass lenses are usually sufficient

to protect the operator against the latter radiations, but to

protect him against the heat rays glasses of a special color,

or a combination of colors, are required.

Before one can deal with this subject from an inventive

point of view, it is necessary that the liquefaction of metals

through the effects of heat, the gases delivered from these

molten metals, and the effect of these gases upon light,

should be thoroughly understood. Dealing briefly with these,

it may be considered that radiation from an intensely heated

metal is divided under three headings

:

1. Invisible infra-red rays.

2. Visible light rays.

3. Invisible ultra-violet rays.

It may be said that these divisions merge into each other so

that there is no definite line of demarcation between them.

These radiations are not uncommon, that is, they are to be

met with almost anywhere, and under almost any conditions.

If one is abroad, say in Malta or Jamaica, the glare of the

sun upon the white buildings and streets has an effect upon

our eyes which is not very pleasant. Again, we remember

how in France the continual looking at the arc of a search-

light, even though this was done through a ruby glass, some-

times affected not only our eyes but our heads. Even at home,

in our own drawing rooms, the incandescent lamps have to be

fixed in such positions that we can obtain a maximum
amount of light with a minimum amount of discomfort. One

could continue to discourse upon this subject, but it would not

alter the fact that the radiation referred to above produces

very diverse effects upon our senses. Thus the infra-red rays

produce the sensation of heat when they fall upon our un-

protected skin, although the rays are invisible to the eyes, yet

the ultra-violet rays are not manifest by our senses, but are

quite clear to us by their effects.

The very intense glare which is emitted from between the

electrode and the metal in an arc welding process is a combi-

nation of rays, and special devices have to be adopted to pro-

tect the operator from their harmful effects. The precautions

which are necessary in each case depend upon the actual job

or size of weld. Thus, for light welding, it would only be

necessary to protect the eyes with suitable colored glasses
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fitted in a convenient form of goggles. For heavy electric

welding, which requires the use of both hands, the operator

protects his eyes and neck with a helmet which rests upon his

shoulders to relieve the strain upon his head. This helmet is

fitted with a round or rectangular window of safety glass.

To he able to state with certainty the color or combination

of colors necessary for the eye protection, it is necessary that

the hues of the prismatic spectrum should be understood. By
the term "prismatic spectrum" it is meant the spectrum of a

heated solid mass. Here the spectrum is visible in the shape

of a continuous band which varies in color from one edge to

the other from red and orange, to yellow and green, to blue

and violet, until, on the extreme edge, it fades to ultra-violet.

When this solid mass is subjected to intense heat, such as

when the metal commences to melt in an arc welding process,

the spectrum is divided up or crossed with lines which make a

certain amount of it disappear. The chief effect of this is

that the red and orange almost disappear, the yellow and
green are much less but are slightly more prominent than the

red and orange until, on the other edge, the blue and violet

is more intense and the ultra-violet is much deeper than in

the spectrum of the solid mass. The reason for these lines is

that the liquefaction of iron through the medium of electricity,

produces elements, principally carbon, nitrogen and oxygen,

which are unavoidable components of the electric spark dis-

charge. It is these elements which affect the characteristics

of the visible light emitted by intensely heated iron vapor

during the process of electric arc welding.

The problem of supplying a satisfactory safety glass is not a

new one by any means and at the present moment there are

many different kinds of safety glasses on the market. There

are also many combinations of colored glass in common use,

the merits of which are open to be questioned. The fact re-

mains, however, to obtain a perfect safety glass the merits

and demerits of even colored glasses must be considered.

Under these circumstances it will not be time wasted if we
devote a little time to this subject.

It is comparatively well known that the average human eye

shows a certain amount of chromatic aberration towards the

red, and blue or violet ends of the spectrum. This is not

so as far as the middle colors are concerned. From this it

will be seen that a much clearer definition of an object is ob-

tained by certain combinations of yellow-green light than by

red or by blue or violet light alone. It may also be said that

the eye is much more sensitive to yellow and green rays than

it is to red or blue or, in other words, yellow green light has

the greatest luminous efficiency. To substantiate this one has

only to consider for a moment the efficiency of the mercury

vapor lamp for certain purposes. Or it may be easily tested

in the home by looking at fleecy clouds through pieces of dif-

ferent colored glass. A yellow glass, or amber, will bring out

details that are hardly observable without the glass, yet which

will be totally obscured if tried through a blue or violet glass.

From this it will be gathered that to obtain the greatest

amount of visibility with the least amount of glare, the essen-

tial elements of a perfect safety glass, the color tint should

be decided by an expert, in conjunction with the man who is

going to use the glass. In addition to this, the size and shape

of the glass should be taken into consideration since the num-
ber of rays will be in proportion to the area of the glass.

Referring to the view of a spectrum through different colored

glasses it can be understood that a piece of colorless glass will

transmit the whole of the colors from edge to edge. A ruby

glass will transmit the red and orange rays with a very slight

trace of yellow, but the whole of the other colors are entirely

cut out. A special kind of yellow glass will decrease the

amount of red and will entirely cut out the blue and violet,

yet, on the other hand, it will bring out the orange and yellow.

Emerald-green will transmit the whole of the yellow and green.

The red, orange and blue, however, will not be quite so promi-

nent.

Experiments recently carried out prove that cobalt glass is

more transparent than clear glass to the ultra-violet rays under
certain conditions. In these experiments clear and blue glasses

(soda lead) were used. They were of equal thickness and of

the same content with the exception that the blue glass con-

tained a very small percentage of cobalt. Clear and blue

specimens of the same thicknesses were compared in pairs by
photographing the spectrum of:

1. A quartz mercury arc.

2. Sunlight.

3. The iron arc through an arc welding plant.

Various thicknesses were studied, but the thickness of each
pair of glasses were indentical with each photographic ex-

posure. The experiments established the fact that, under
certain conditions, the glass containing the slight amount of

cobalt was more transparent. Hence, for arc welding safety

glasses, the addition of a slight amount of cobalt may be of

practical advantage in certain cases.

After considering the best means of toning down the flicker-

ing and glaring light which is produced during the arc welding
process, a certain amount of consideration may be given to

the infra-red and ultra-violet rays which are inseparable from
the visible glare. In the first place it should be remembered
that when the invisible infra-red rays encounter some ma-
terial which they cannot penetrate they immediately become
absorbed and are changed into heat. This is why they are

sometimes termed heat rays. It is most essential that the eyes

should be protected from these rays, and although the colored

glasses previously referred to will absorb a certain amount of

this heat they are not sufficient under some conditions, such

as welding a heavy stud into a steel plate when an enormous
amount of heat would be required.

There is no difficulty in finding a material which will absorb

a large quantity of these heat rays. The difficulty is in finding

the most efficient material which will absorb these rays yet

will give us the greatest amount of visibility. Clear white

mica will absorb a small percentage of these rays, and the

sight on the weld is not impaired to such an extent that it will

be dangerous. On the other hand, dark mica will absorb a

large quantity of these rays, according to its thickness, yet the

vision will be so impaired as to make efficient welding a prac-

tical impossibility.

A pale green glass of a certain thickness appears to be the

most satisfactory at present. This will transmit about 65

per cent of visible light yet, at the same time, it will absorb

about 90 per cent of the heat rays. In England we have a

reflector for our high candle power incandescent lamps which

is composed of two different kinds of glasses. The under

portion of this reflector is of opal glass, the upper portion is

of pale green. It is very pleasant to the eyes. Owing to the

opal composition of the under portion of the glass it is

not transparent, but experiments with this combination of

glasses may produce something which may be of service to

the arc welding operator.

One must not think that because an optician can supply a

certain quality of material for defective eyesight that this

material will be a protection against the dangerous ultra-

violet rays. This is not so. We will take, for instance, the

material with which the majority of spectacles and other such

apparatus are made. These are made from quartz or natural

rock crystal, sometimes termed "pebble." Pebble is transpar-

ent to the ultra-violet rays and therefore offers no protection

against their seriously harmful features. On the other hand,

ordinary clear glass does offer a certain amount of protection

but not so much as amber or yellow-green glass.

It has already been pointed out that in this selection of glass

the operator himself should be considered. No two men have

two sights alike, and, therefore, it may be necessary to go

to a little expense and trouble to obtain the correct color of

glass for a particular operator. This expense, however1

,

will be nothing compared with a better quality of work, a

more contented operator and all-round efficiency.



Deep Etching of Steel*

Metallographic Features Revealed by the Use of Acids of Relatively High Concentration

By Henry S. Rawdon and Samuel Epstein

THE term "deep etching," as used here, refers to the

use of acids of relatively high concentration for the

roughening of the surface of metallographic specimens.

Samples etched in this manner are intended primarily for a

study of the macroscopic structure rather than for micro-

scopic examination. In general, a very mild etching reagent

is required for the latter purpose. The deep etching of steel is

one of the earliest metallographic methods used for the study

of iron and steel, particularly for a quick shop test. The
method has, however, been given prominence recently by its

application to the study of rails containing the defects known
as transverse fissures and of steel forgings containing similar

defects.1

Various views have been put forth as to the nature of the

features revealed by this method of etching. The interpreta-

tions of the features revealed in transverse fissured rails by

this method of etching may be cited as typical of the difference

of opinion existing. That a variation in solubility of the

steel in different directions is responsible for the transverse

"cracks" revealed by the etchng is one extreme view held.

The other extreme is that cracks exist throughout the interior

previously to the etching and that the etching merely renders

them visible. According to still another view, the existence

of internal stresses of a rather high magnitude may be re-

sponsible for the results produced. In order to show clearly

the various conditions which this method of etching will

reveal, together with the description of suitable methods for

distinguishing between the different features, the series of

examinations described below was undertaken.

In the work described below hydrochloric acid (specific

gravity, 1.19) was used; this was heated nearly to 100°C.

before the specimens which had been previously ground smooth

were immersed. Heating, however, should not be regarded

as a necessity-—it merely hastens the action.

FEATURES EEVEALED BY DEEP ETCHING.

1. Chemical Inhomogeneity.—The use of acid etching for

the purpose of revealing variations in the distribution of the

various chemical constituents which may occur in steel is so

well known as to require only a brief discussion. The varia-

tions in the chemical composition are usually the direct result

of the segregation accompanying solidification, although occa-

sionally other factors may be responsible ; for example, lack

of complete solution and diffusion of the special additions in

alloy steels, composition changes which may occur in such

processes as welding, carburization, etc.

Fig. 1 illustrates the case of chemical inhomogeneity due to

segregation. The bar evidently has been rolled from an ingot

having a decidedly segregated center ; the difference in com-

position between center and outer portions has persisted

throughout the process of rolling.

The greater solubility of the abundant sulphide streaks in

the central portion as compared to the purer metal is responsi-

ble for the roughened appearance of the center. Each dark

spot (Fig. 1) represents a pit which was previously occupied

Abridged from Technological Paper No. 156 of the Bureau of

Standards.
]F. M. Waring and K. E. Hofammann, The Deep Etching of Bails

and Forgings, A. S. T. M. Proceedings, 19, 1919 ; also discussion on

the same. H. M. Wickhorst, Transverse Fissure Bails on Atchison,

Topeka & Santa Fe B. E., heat 411177, report No. 80 to rail committee,

Am. By. Eng. Assn., April, 1919. P. H. Dudley, Beport on Transverse

Fissures, report No. 77 to rail committee, Am. By. Eng. Assn., Jan-

uary, 1919. H. Baucke, Action of Electrolytes upon Metals under

Stress, Int. Zeit. fur Metallographie, 4, p. 129 ; also Proc. Inlt. Assn.

Test Materials, Vlth Congress, 1912.

by sulphide or some other inclusion. These pits are later

deepened and enlarged by the action of the acid after the

inclosed impurity has been removed.

Fig. 3. illustrates a condition which has resulted from what

may be termed "secondary segregation." The photograph

shows a section of a large steel casting which, although it met

the prescribed specifications as to mechanical properties and

heat treatment, fractured as a result of the handling received

during transportation.

The macroscopic examination of the material after deep

FIG. 1. CHEMICAL
INHOMOGENEITY OF
ROLLED STEEL RE-
VEALED BY DEEP
ETCHING. X 2.

FIG. 2. POROUS CONDITION
OF CAST STEEL

Same as Eig;, 3, heat .treated.

Spots due to exudation of alcohol

and water used for washing, indi-

cate spongy areas. X 30.

FIG. 3. CHEMICAL INHOMOGENEITY OF CAST STEEL
EEVEALED BY DEEP ETCHING

Although the casting was annealed for 72 hours at 900 deg. cent,

the original dendritic pattern persists. X 2/5.

etching, together with the subsequent study of the microstruc-

ture, showed that although a sufficient grain refinement had

been brought about by the annealing which the material had

received (72 hours at 900°C (1650°F.), cooled in furnace) the

material still possessed essentially the same dendritic struc-

ture that resulted upon casting. This was due to secondary

segregation or the occurrence of numerous inclusions between

the treelike crystals. Such impurities are not materially

changed by heat treatment either in location or chemical com-

position and hence the original appearance, and many of the

54
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accompanying mechanical properties, are maintained in spite

of the annealing. The microscopic examination showed also

that in addition to the inclosures trapped between the fingers

of the dendrites, the metal was also porous and spongy at

such points. This is shown in Fig. 2. The specimen was pol-
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FIG. 4. CHEMICAL IN-

HOMOGENEITY OP COM-
MERCIAL WROUGHT

IRON
Above, polished specimens deeply

PIG. 5. CHEMICAL IN-
HOMOGENEITY OP
SWEDISH WROUGHT

IRON
etched in concentrated hydro-

chloric acid.

X 100.

X 1. Below, microstructure of white hands shown above.

ished and cleaned as for microscopic examination but was
heat tinted to reveal the structure instead of being etched.

The water and alcohol used for washing and drying the sur-

face were absorbed at each porous spot and oozed out upon
heating, thus preventing a uniform oxide tint from forming at

such spots. The action of the deep etching upon the material

shown in Fig. 3 has consisted essentially, then, in the rela-

tively more rapid dissolving of the impurities and in the

enlarging of the pores of the spongy areas. In addition to these

features, Fig. 3 also illustrates what may be found in welded

materials etched in this manner. The projection or boss in

the upper portion of the figure was added after the main
casting had been made. The white (deeply etched) line

marks the junction surface between the two.

A special application of the use of deep etching in the in-

spection of wrought iron is illustrated by Figs. 4 and 5.

Wrought iron when ground smooth or filed and then etched

with concentrated acid,2 shows the presence of steel streaks

by the white glistening appearance of such streaks; the body

of the wrought iron remains dark. Fig. 4, a, shows the ap-

pearance of a large commercial wrought-iron shackle which

was examined to determine its purity. The white streaks are

of steel and have the structure shown by Fig. 4, 6.

Fig. 5 shows the results of a similar examination of a bar

of high-grade Swedish iron. The light streaks are of steel

of a composition approaching that of eutectoid steel.

2. Mechanical Nonuniformity.—It is quite often the case

that metals, even when subjected to no service load or stress,

are far from being in a state of mechanical uniformity. In-

2Steel in Wrought Iron Pipe, Iron Age, 97 ; p. 1132 ; 1916.

ternal initial stresses of considerable magnitude often exist,

particularly if the material has been cold worked. Very sud-
den or unequal cooling of different parts of the same piece may
give rise to a similar condition. Considerable work has been
done on this subject as related to brass and bronzes, and ma-
terials of this kind highly internally stressed may be made
to crack spontaneously by the use of proper etching reagents.8

As yet, but little attention4 has been paid to the behavior of

steels in this respect.

As suitable material for demonstrating the effect of deep
etching by concentrated acid upon steels initially stressed

internally, commercial balls for ball bearings of different sizes

and grades were used. The chemical composition of the speci-

mens used is given in Table 1.

Table 1.

—

Chemical Composition of Balls Used.

Diameter oi ball Carbon Manganese Phosphorus Sulphur Silicon Chromium

Per cent Per cent Per cent Per cent Per cent Per cent

llnch 1.05 0.32 0.013 0.030 0.15 1.28

Minch . 94 .38 .018 .022 18 ()

%lnch 125 .25 011 016 .21 .007

As shown in the above table, balls of three different sizes

and compositions were used. The appearance of the balls after

etching gave rather definite indications as to the method of

manufacture. Some of the smallest balls had been turned out

by lathe tools, as was clearly shown by the ends of the fibers

on the opposite faces of the balls after etching. All of the

others showed the two poles and work lines which are evidence

of forging and pressing. The 1-inch balls most probably were

forged individually ; the others by the string method.

Previous to etching, the balls were examined for the pres-

FIG. 6. PRESENCE OP INITIAL STRESSES IN HARDENED
STEEL REVEALED BY DEEP ETCHING. X 2.

(A) Fragments of balls that did not split after prolonged etching.

(B) Balls which split as a consequence of internal stresses due to

forging or pressing. (C) Two balls at the right were turned out

and the other two were forged or pressed.

ence of cracks or other surface defects by the magnetic method

to be described later. None of the specimens was found to

be defective. The behavior of the balls when etched with

hot concentrated hydrochloric acid was determined for the

material in the commercial state; that is, as received and

»B. S. Tech. Papers, Nos. 82, 83, and 84.

of the subject is summarized in No. 82.

4Baucke, loc. cit.

The technical literature
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also after different heat treatments. Some of the specimens

were also sectioned in half, some perpendicular, and others

parallel to the direction of the fibers.

None of the large (1-inch diameter) balls showed any ten-

dency to split upon deep etching, as did over 50 per cent of

FIG. 7.

c d
STRUCTURE OF HARDENED STEEL BALLS

(a) Hardened 'ball of 1-in. diam. cut through center and polished.

X 1. (to) Microstructure of outer spherical layer (light-colored) of

(a). The layer is martensitic throughout with tiny globules of ce-

mentite. X 500. (c) Intermediate thin zone between outer layer and
dark-colored central sphere of (a). This transition zone consists of

martensite and troostite with some specks of carbide X 500. (d)

Microstructurej of the central sphere of (a). None of balls of this

size split. Etching throughout 2 per cent alcoholic nitric acid.

the medium-sized (one-half-inch diameter) balls and about

30 per cent of the small (three-eighths-inch diameter) ones.

The small ones which split were limited entirely to those

which, as shown by the appearance of the etched surface, had

been forged (or pressed) rather than turned out.

Fig. 6 shows the appearance of some of the balls after

etching. The specimens were removed from the acid as soon

as the cracks appeared, hence before the openings had been
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FIG. 8. MIOROSTRUCTURE OF HARDENED STEEL BALLS
These balls were martensitic throughout. Structure typical

specimens which split when deeply etched. X500.
of

widened appreciably by the acid. In all cases the cracks are

very definite ones, resembling knife cuts extending through

the poles and often reaching in as far as the center of the

ball. They follow somewhat the direction of the fibers of the

material. Without doubt the splitting of the balls under the

corrosive action of the concentrated acid is to be attributed to

the presence of initial stresses of relatively high magnitude in

the material. It was not possible, on account of the nature of

the material, however, to attempt any measurement of the

approximate value or distribution of such stresses. The sud-

den appearance of the cracks, the immediate widening of the

fissure with an appreciable accompanying increase in the diam-

eter of the ball, the occurrence of such cracks only in the

forged or pressed material and in the smaller balls which had
been hardened entirely throughout, the failure of all the ma-
terials to split when hardened less severely than the commer-
cial material, and the definite orientation of the cracks with

respect to the poles of the balls all are lines of evidence indi-

cating the presence of internal stresses as the cause of the

behavior of the balls upon deep etching. Baucke5 in his dis-

cussion of experiments along this line states that it is neces-

sary to section the balls before etching, and that whole balls

etched intact will not split. In order to demonstrate whether
the tendency of sectioned balls to split upon etching is greater

than that of whole balls, a series of specimens were sectioned.

In general, the tendency to split upon etching appeared to

be less for the sectioned balls than for the whole ones. It is

very probable that the stresses within the material are ma-
terially relieved by cutting the ball in two, and hence they

would be expected to show less tendency to split in the acid.

The method used for sectioning the hardened balls is of in-

terest. A cylindrical hole very slightly smaller across than

the diameter of the ball was drilled into a block of soft steel

to a depth slightly greater than the radius. The ball was
pressed into the hole by squeezing in a vise and the portion

projecting beyond the face of the steel block was ground off on

a wet grinding wheel. No evidence of tempering of the balls

during grinding could be observed in the polished specimen.

FIG. 9. DEFECTS IN GUN FOROilNGS REVEALED BY DEEP
ETCHING

(a) Transverse radial section gun tube polished to show interior

defects. X 7/8. (b) Specimen (a) after deep etching in concen-

trated hydrochloric add. Defects greatly widened and deepened.

X 7/8. (c) Cross section of 1-in,. "round" trepanned out of large toloom

intended for gun tube, etched with 2 per cent alcoholic nitric acid.

Crack undoubtedly of same origin as defects in (a), probably originat-

ing at rather high temperature. It is largely intercrystaline in its

course. X 2%.

Fig. 7 shows the structure of the large (1-inch diameter)

balls. The outer metal has been rendered martensitic to the

depth shown in Fig. 7, a. The central portion is largely

troostitic. In Fig. 8 the structure typical of the small and

the medium sized balls is shown.

These specimens were martensitic throughout. This differ-

ence in microstructure is in accordance with the results of the

etching tests—only the severely hardened specimens showed

any tendency to split upon deep etching. It will be noted in

Table 1 that the balls of one-half inch diameter are of steel

containing no alloying element and of a carbon content consid-

erably lower than that of either of the other two. In order to

render this steel relatively as hard as the other two types,

a much more severe treatment must be resorted to, and this

fact probably accounts largely for the greater tendency of this

series to split than the other two. That the mechanical work

which the material received (i.e., the magnitude of the internal

stresses) also contributes to the tendency to split is evident in

6Loc. cit.
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F'IG. 10. DEFECTS IN RAILS CONTAINING TRANSVERSE 'FISSURES REiVEALED BY DEEP ETCHING
The right hand view shows longitudinal section of head of rail No 3 (Table 2) parallel to tread. Speciment magnetized and then

immersed in kerosene containing iron, dust in suspension. Cracks indicated by a, o, c, d, and e were located. Left hand view shows/ same
specimen: deeply etched with concentrated hydrochloric acid, revealing cracks more clearly. XI.

view of the fact that balls of similar size and hardness (i.e., as

indicated by the structure) turned out in the lathe rather

than forged or pressed showed no tendency to split upon
etching.

3. Physical Discontinuities.—A third condition which may
be revealed by deep etching is the presence of discontinuities

within the steel. These may be in the form of pores or tiny

cavities whereby the metal is rendered spongy, as previously

described, or as separations or fissures, the two faces of which
are often in such intimate contact that the defects can be

definitely located only by special methods and with great care.

Two types of materials characteristic of the second condition

are flaky gun steel and rails containing transverse fissures.

In Fig. 9 is shown the appearance of a specimen of a defec-

tive gun forging (composition: Carbon 0.38 per cent, chromium
0.20 per cent, nickel 2.92 per cent) in which the defects are

quite readily detected after polishing. Deep etching accentu-

ates these by widening and deepening the fissures.

Fig. 9, c. shows the appearance of a section of a 1-inch round
trepanned out of a large bloom of gun steel similar to that of

the forging of Fig. 9, o, suspected of being defective. Subse-

quent deep etching revealed the cracks shown in Fig. 9, c.

Presumably the cracks here revealed are identical with the

defects found in the finished forging (Fig. 9, a and b). It

will be noted that the crack is intercrystalline for the greater

part of its course.

Defects similar in appearance to those just described have

been found in abundance in rails containing transverse fissures,

by means of deep etching.6 In this case, however, the pres-

ence of the defects, gashes or cracks, in the material previous

to etching has never been demonstrated. Hence there have

resulted considerable differences of opinion as to the signifi-

cance of the results obtained by the deep etching of trans-

versely fissured rails. As materials typical of this type of

defect, specimens were taken from three different rails which
had developed transverse fissures in service. The composi-

tions of the three, which differed widely in this respect, are

listed in Table 2.

Table 2.

—

Composition of Rails Containing Transverse

Fissures.

Rail No. Carbon Manganese .Phosphorus Sulphur Silicon Chromium Nickel

1...

Per cent

0.63

.62

.90

Per cent

71

.91

1.22

Per cent

0.014

.020

.094

Per cent

0.022

.036

.022

Per cent

09

.01

.14

Per cent

50

(«)

CO

Per cent

1.89

(<)

(«)

2

?

a not detected

Portions of the head of each of the three rails were cut

parallel to the tread into a series of slices. Each of the slices,

after grinding, was etched to demonstrate the presence of

gashes of transverse cracks. In each case these were found

in abundance in the central and lower portions of the head,

as has been shown by previous investigators.

"Waring and Hofammann, loc. cit. Wickhorst, loc. cit.

It is extremely difficult, however, to demonstrate by ordi-

nary metallographic methods the presence of these defects

within the material before the deep etching. Radiographic

examination of thin slices (one-quarter inch thick) proved

to be ineffective as a means for locating them. The only

method by which the cracks could be located, without etching

the specimen, was a magnetic one. This method was finally

adopted for the preliminary examination of all the specimens

suspected of containing cracks of any kind. The sample, which

must be well polished, as for microscopic examination, is

magnetized and then immersed in kerosene, or a similar liquid,

containing very fine iron dust in suspension. "Cast-iron mud"
from disks used for lapping was used for the purpose. The

particles of iron dust collect 'upon the face of the specimen,

and at the points where, because of a discontinuity in the

metal, a change in the density of the magnetic flux occurs,

orient themselves to correspond to the shape of the discon-

tinuity. The specimens are then washed in clean kerosene

to remove as much as possible of the excess iron dust which

clings to the surface. 7

In Fig. 10 is shown the appearance of a slice from the

lower part of the head of the rail No. 3, which has been treated

with the iron dust after magnetizing and the same specimen

after deep etching. It is extremely difficult to photograph

a b c

PIG. 11. INTERIOR CRACKS EXISTING IN RAILS OP THE
TRANSVERSE-FISSURE TYPE. X 3.

(a) Crack 5 of Fig. 10 viewed obliquely, (to) Same specimen with

line of crack located by punch mark at each end and iron dust wiped
off. No crack visible. (c) Speciment (to) treated a second time

with iron dust. Compare with (a).

the specimen so as clearly to show the results of the treat-

ment with iron dust. They are much more readily seen upon

visual examination than might be inferred from the photo-

graph. Comparison of the two views in Fig. 10 shows the

presence of a very fine crack or discontinuity in the unetched

specimen corresponding to each of those revealed by deep

etching.

'This method for the examination of polished surfaces suspected of

containing surface cracks was developed at the Bureau for the

inspection of precision gages.
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The appearance of the cracks located by the magnetic
method is more clearly shown in Fig. 11, somewhat magnified,

in which the surface was viewed obliquely. Crack b (Fig.

10) was located by means of iron dust after magnetizing

the specimen. Its position was then recorded by jpunch

marks at each end of the crack. Fig. 11 (6), shows the speci-

men after the iron dust was wiped off; no crack can be de-

tected between the punch marks. Fig. 11 (c), shows the same
specimen after a second treatment with iron dust.

PIG. 12. LONGITUDINAL SECTION OF KAIL NO. 2. (TABLE
2) PARALLEL TO THE TREAD. X 1 3/8.

Interior cracks as they appear after slight etching.

Although it is known with certainty that a discontinuity

exists in the metal between the two punch marks, it is ex-

tremely difficult to find evidence of it in the microstructure

even after light etching.

Fig. 12 shows a section of rail No. 2 after slight etching

with concentrated hydrochloric acid. The interior cracks

having been widened by the concentrated acid, the surface

was ground down, repolished, and re-etched for microscopic

examination. In Fig. 13 (X100), and Fig. 14 (X500), a

crack is shown passing through the grains and across the

grain boundaries. The cracks are intracrystalline, in their

course ; that is, the break has occurred through the grains

rather than between them.

NATURE OF DEFECTS EEVEALED IN RAILS CONTAINING TRANSVERSE

FISSURES.

The results of the examination given above definitely war-

rant the conclusion that the defects (gashes, fissures, or

cracks), revealed in rails of the transverse fissure type by

means of deep etching, exist within the material previously

to the etching, as discontinuities within the steel. The func-

tion of the acid used for etching is merely to widen and

deepen the pre-existing cracks. The microscopic appearance

of these cracks offers some suggestions as to their origin.

The course of the crack is intracrystalline and has the gen-

eral appearance of a fracture produced in normal material

;

there is no evidence of inherent weakness at the grain bounda-
ries. An answer to the question as to whether the separation

occurred while the metal was cold—that is, in the track—or

while hot—that is, in the mill—does not appear to be forth-

coming from the evidence offered by the examination of the

fractures alone. No definite statement can be made on this

point. However, the comparison of internal fractures found
in ingots and blooms and hence, in all probability, produced

at a rather high temperature (Fig. 9, c) with those found in

rails which developed transverse fissures in service (Figs. 12

to 14) is very suggestive. The internal cracks shown in Fig.

9, c\ are of the miercrystalline type. In general, this is a

characteristic of fractures produced in metals at elevated

temperatures. On the other hand, the cracks shown in Fig. 12

are of the intracrystalline type, a feature which, in general, is

characteristic of fractures produced in metals broken at ordi-

nary temperatures.

SUMMARY AND CONCLUSIONS.

1. The method of deep etching of steel by means of concen-

trated acids was examined in detail. The choice of the acid

is a matter of minor consideration provided it is concentrated

enough to produce a vigorous attack of the metal.

2. The metallographic features of steel revealed by deep

etching are of three general types : Chemical inhomogeneity,

mechanical nonuniformity, and physical discontinuities.

3. Chemical inhomogeneity, usually the result of segre-

gation, shows itself by a more vigorous roughening and pit-

ting of the "impure" portions. Sulphides and other inclos-

ures are rapidly dissolved and the resulting pits are then

deepened and widened.

4. Steel which is not mechanically uniform throughout be-

cause of the presence of initial stresses, which may be the

result of previous mechanical work or of too vigorous quench-

ing during heat treatment, will split when deeply etched, pro-

vided the stresses are of sufficient magnitude. Commercial

bearing balls of different types were used to illustrate this

feature. It was shown that this tendency to crack upon

etching may be eliminated by suitable heat treatment. The
behavior of steel, in this respect, is identical with the cor-

rosion cracking of brasses and bronzes.

5. Physical discontinuities, such as internal fractures, etc.,

which may exist in steel, are revealed by deep etching. The
acid serves to widen and deepen these discontinuities within

the metal.

6. It has been definitely shown that the gash defects found

in abundance in rails in which transverse fissures have de-

veloped and in similar materials, are physical discontinuities

or internal fractures which exist within the material pre-

viously to etching. The etching merely reveals the defect. A
magnetic method for locating such defects in the unetched

specimens is described. This appears to be the only method

for determining the nature of these defects with certainty.

FIG. 13. SPECIMEN SHOWN IN FIG. 12 ENLARGED
100 DIAMETERS

Etched to widen the crack and repolished for microscopic examination.

FIG. 14. SPECIMEN SHOWN IN FIG. 12 ENLARGED
500 DIAMETERS

The intercrystaline nature of the crack is here made very evident.



Steels for Automobile Parts*
Discussion of the Most Suitable Materials for the Construction of Motor Cars

By Dr. W. H. Hatfield, M.I.A.E.

SEVERAL papers have been written during the last few
years dealing with the subject of steels for automobile

parts. The general principles have been discussed with
considerable effect in these several papers. It is broadly

realized that, theoretically, aero and automobile parts should

be stressed within their elastic range, but, practically, such
ideal design is really impossible for two reasons : In the first

place, the stresses which are likely to be put on the different

parts of an automobile, for instance, cannot be quite quan-
titatively predicted, and, in the second place, the designer

has not a sufficient knowledge of the elastic ranges of his

material. It naturally follows that it is fully realized by the

designer that a number of his parts will, in service, almost
with certainty be stressed beyond their elastic limit, i.e.,

some of the parts need to possess a considerable capacity for

plastic deformation, or otherwise they will smash. The ideal

material for such severely-tried parts is obviously a material

with a high elastic range accompanied by the maximum
capacity for plastic deformation. Unfortunately, as the

elastic range of a steel increases, its ductility decreases, and
hence the automobile engineer has to balance in his own mind
the relative importance of these two factors in the different

parts which are under consideration. It is particularly im-

portant in those parts which are likely to receive severe shocks

that they shall have this capacity for plastic deformation,

particularly so when it is realized that the stresses which
are developed under some of those conditions are such that

no condition of any steel within the knowledge of the author

would have an elastic range high enough safely to carry them.

It is essential that the designer should possess a concrete

knowledge of the capacity of his different materials for deal-

ing with the conditions which he has in mind. This knowledge
can be obtained in two ways. It can be determined from
actual experience with similar parts under the same condi-

tions of service (and this is, perhaps, his most reliable method
of obtaining his information) or he may use, as indicative

of the work which the material will do, results obtained from
the various forms of mechanical tests now available.

The investigation of failures which have come to the

author's notice, from time to time, has led him to place failures

in two distinct categories. In the first one must be placed

failures due to the fact that the material did not possess either

the mechanical properties or the reliability with which the

designer credited it. In the second category (which, by the

way, he considers as by far the larger) the material may be

shown to possess both the properties and the reliability with

which it was credited, but failure has been definitely due

to insufficient knowledge on the part 'of the designer concern-

ing the stresses with which he had to deal. Fatigue failures

come, strictly speaking, under either category, but usually

under the second.

THE SELECTED STEELS.

After careful consideration the following steels, selected

from the British Engineering Standards Association's speci-

fication for wrought automobile steels, were considered to be

capable of supplying, with few exceptions, the wants of the

automobile and areo constructor, whether he be producing

(1) airplanes, etc., (2) touring and racing cars, or (3) slow-

moving vehicles. The selected steels may be enumerated as

follow

:

(1) 40-ton carbon steel.

(2) 0.10 per cent carbon case-hardening steel.

(3) 5 per cent nickel case-hardening steel.

•Abstracts by the Auto-Motor Journal of a paper read before the

Institution of Automobile Engineers, on, April 14th, 1920.

(4) Nickel chromium air-hardening steel.

(5) 3 per cent nickel steel.

(6) 3 per cent nickel chromium steel.

Turning now, however, to the personal point of view, the

author would also consider three or four more steels as being
of sufficient importance to the industry to merit careful con-

sideration, along with the six mentioned above. These steels

are:

(7) Chromium vanadium steel for general purposes.

(8) Spring steels (which will be dealt with under a sepa-

rate heading).

(9) 12-14 per cent chromium steel.

(10) 0.9 per cent carbon steel.

40-ton steel—This steel is preferably an acid Siemens steel

containing about 0.45 per cent carbon. The manganese con-

tent, which has quite an important influence upon the mechan-
ical properties, should be in the neighborhood of 0.6 to 0.8 per

cent. The steel should not be put to work in the forged condi-

tion, but should be normalized by heating to a temperature of

850 deg. cent., soaking through at that temperature, and allow-

ing it to cool in air away from draughts.

0.9-1.0 per cent Carbon Steel—This steel is included owing
to its peculiar adaptability for clutch-plates, keys, etc., and,

as has been before stated, is favored in some directions for

gudgeon-pins. It may be produced either by the Siemens, elec-

tric or the crucible process.

Case-hardening Steels—In the author's opinion case-harden-

ing of steels will always have considerable importance in

aero and automobile engineering, owing to the fact that in

numerous instances local and surface hardness is required,

combined with the essential toughness in the part as a whole.

These steels are particularly interesting owing to the fact that

there is little difficulty, at any rate in the nickel case-harden-

ing steels, in inducing into the part as a whole mechanical

properties which are comparable to those of the high-tensile

steels.

The 0.10 per cent carbon case-hardening steel, and the 5

per cent nickel case-hardening steel have been selected, to

the exclusion of others, since it is felt that if there is any need

to improve on the mechanical strength obtained in the case

of the 0.10 per cent carbon case-hardening steel, the best

thing to do is to proceed immediately to the 5 per cent nickel

steel.

Commenting upon the comparative properties of the carbon

case-hardening steel as against the 5 per cent nickel steel,

the essential difference is that the mechanical strength of the

core of the nickel steel is very much greater than that of the

carbon steel, although the actual hardness of the hard sur-

face produced on the carbon case-hardening steel is a little

greater than the hardness of the hard surface produced by

carburizing on the 5 per cent nickel steel. This difference

in hardness is, however, of a small order, and except in very

special instances, is of little importance compared with the

great increase in mechanical strength induced by the presence

of the nickel.

Air-hardening Nickel Chromium Steel—This steel is intro-

duced largely for gears, although it is considered that the

mechanical properties of the material are such that time

and a more complete understanding of the steel will lead to

its more extended adoption for many other parts. Essentially

the steel consists of a 0.30 per cent carbon steel, to which

has been added just over 4 per cent of nickel, and about 1%
per cent of chromium. The final treatment consists of heat-

ing uniformly to a temperature of 810 to 820 deg. cent., fol-

lowed by cooling in air away from draughts. Unless the

59
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heating is perfectly uniform, and the cooling is conducted in

such a way that the part cools fairly equally, distortion is

liable to result. The practical experience of many people

has, however, resulted in a gradually increased use of this

material. After the air-hardening operation, it is advan-

tageous to re-heat to temperatures of 200 to 250 deg. cent.,

which treatment has the advantage of eliminating any stresses

left in by the air-hardening treatment.

3 per cent Nickel Steel.—This steel requires little comment.

The author would, however, observe that it should be har-

dened and tempered if the best mechanical properties are

to be obtained. If hardened and tempered the result is a

high-tensile steel with maximum ductility. This steel is a

safe steel to use, and is less liable to suffer materially in

mechanical properties, through inaccurate treatment, than

some of the other alloy steels.

3 per cent Nickel Chromium Steel—This steel is in effect

the 3 per cent nickel steel to which has been added 0.5-1.0

per cent of chromium. The addition of this chromium pro-

duces a steel which hardens more effectively, and this, of

course, means that parts of thicker section are most usefully

made in it, since hardness through the mass is more easily

obtained than in the absence of chromium.

Chromium Vanadium Steel—There has been much discus-

sion on the merits of chromium vanadium steels, but the au-

thor is quite satisfied that the chromium vanadium steel and

some of the chromium steels are well worthy of careful atten-

tion from the industry. For rear axles, propeller-shafts,

transmission shafting, etc., chromium vanadium steels have

given extremely satisfactory service, and for that reason it

would be unwise not to give them sufficient prominence in

this work. It is believed to be a fact that these chromium

vanadium steels have earned their present reputation chiefly

through the almost entire absence of failures in parts pro-

duced from this material.

12 to 14 per cent Chromium Steel—The "stainless" and

non-rusting properties of this steel, coupled with its high

mechanical properties, lead the author to suppose that its

use in the aero and automobile industries will be limited only

by economic considerations. There are undoubtedly many
parts for which it is admirably suited. The essential thing

to remember is that the steel must be hardened and tem-

pered if its available properties are to be obtained.

VALVES

The valve problem is the one which, perhaps, gives the

greatest scope to the metallurgist. The steel employed must

have good mechanical properties, but, further, must suffi-

ciently maintain its strength at high temperatures. Exhaust

valves have to withstand temperatures from 200 deg. cent.,

up to well above the critical point, while inlet valves have

also to stand considerable temperatures, in some cases high

enough seriously to weaken many steels. The steels which

best resist a diminution of strength with increase in tempera-

ture are high tungsten steels and high chromium steels.

The 12 to 14 per cent chromium steel is recommended for

high-temperature work. A considerable amount of experi-

ence has indicated that this material is adequate for this

work, and it has the further advantage of being less expensive

than the tungsten steel. Where temperatures are not so high,

then the 3 per cent nickel steel, and in some cases low carbon

steels, may be, and are, satisfactorily employed.

SPRINGS

In discussing springs, we have two essential types to con-

sider: (1) valve springs; (2) bearing springs. The author

has a considerable amount of experience in the particular

field, and has no hesitation in recommending chromium vana-

dium steel for valve springs. Actual stringent service con-

ditions have shown that this material, in a suitably hardened

and tempered condition, gives excellent service.

For bearing springs there are two steels which adequately

meet the case, namely, chromium vanadium steel and silico-

manganese steel. What is wanted in a spring is a very high

elastic range, accompanied by a freedom from intrinsic

brittleness.

STEEL CASTINGS

Early in the war, Mr. Pomeroy read an extremely interest-

ing paper, in which he lamented the fact that the country

could not supply its own requirements in small steel castings

for automobile work. There are several British firms who
are now actively engaged in this field. Small castings can be

made of steel of excellent mechanical properties, and the ma-
terial is an extremely desirable one for such parts as rear-

axle castings, fan centers, spring brackets, differential cas-

ings, cylinders, gear-boxes, axle-worm cases, road wheels, pis-

tons, axle-jaws, frame-members, etc. The bulk of the steel

castings for such purposes run from 0.10 to 0.30 per cent

carbon, and should be low in sulphur and phosphorus.

While discussing steel castings, the author would observe

that it is unnecessary to confine the composition to that which

is largely employed, as steels of various compositions, in-

cluding the special steels, may be effectively cast, but, of

course, require special knowledge and treatment.

MALLEABLE CAST IRON

Malleable castings are used to. a considerable extent in

the automobile industry both at home and abroad, particu-

larly abroad. Such material has mechanical properties much
superior to cast iron, and for many parts constitutes really

an excellent material. Like all other cast parts, however,

the main difficulty lies in the fact that the castings are not

always free from mechanical defects. In the best-run works

these faults may be, and are, entirely overcome. There are

two kinds of malleable castings: the Reaumur, or European

material, and the American, or "black heart."

CAST IRON

Cast iron is not used for many parts, its main application

being in the cylinder, pistons and piston-rings. Like all the

other materials discussed so far, cast iron is worthy of very

careful study, and the engineer would be well repaid in con-

trolling the analysis in certain essentials and in having mech-

anical check-tests—particularly so in view of the fundamental

importance of the parts just mentioned. Analysis, dimensions

of section and casting temperature are the main factors which

determine the ultimate mechanical properties of the material.

As regards the mechanical properties of cast iron, it may

be assumed that a good cast iron in automobile castings will

have a tensile strength of 14-16 tons per sq. in., accompanied

by a yield which synchronizes with the maximum stress with

a complete absence of ductility, at any rate, as far as all

practical considerations are concerned.

CONCLUSIONS

Working on the assumption that there is a best condition

of some particular steel which will best enable a particular

part to fulfill the function for which it is intended, the author

has prepared a comprehensive appendix, in which he has

made a definite choice of material for each part of (a) areo

engines, (6) racing and touring cars, and (c) heavy and

low-speed vehicles. This being too long to reproduce fully,

we show, against certain of the selected materials, the most

important parts relating to the division (&) :

Air-hardening Nickel Chromium Steel—Connecting-rods,

transmission gears, steering pinions, steering pivots, steering

worms.
Aluminium Alloy—Cylinders, pistons, crank-cases, gear-

boxes, axle-casings, differential casings.

Bright Dratvn Mild Steel—All nuts.

Case-hardening Carbon Steel—Ball races.

Cast Iron—Water-cooled cylinders, cylinder liners, valve-

guides, valve-seats, water-jackets, pistons, piston-rings, inlet

and exhaust pipes (including manifolds).

Carbon Steel—0.9 per cent—Clutch-plates, keys; 40-ton.—

Internal and external cone-clutches, dumb-irons, rear-axle

housings.
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Chromium Vanadium Steel—Valve-springs, clutch-springs,

chassis springs.

High Carbon Chromium Steel—Ball bearings.

Malleable Cast Iron—Inlet and exhaust pipes (including

manifolds).

Nickel Steel (3 per cent)—Front wheel stubs, steering arm
levers, arms and rods, steering-columns (tubular), steering-

swivel forks, chassis frames, front axles, rear axles, torque

tubes.

Nickel Case-hardening (5 per cent N)—Gudgeon-pins, valve-

cams, cam-shafts, tappets, timing wheels, differential spiders,

gear-box shafts, transmission worms, worm-shafts.

Nickel Chromium Steel (3 per cent)—Connecting-rods, crank

shafts, clutch-shafts.

Phosphor Bronze—Worm wheels.

Silico Manganese—Chassis springs.

Stainless Steel—Valves, rotary pump gears, wire spokes.

Steel, 40-ton—Cylinders, brake-drums, brake-shoes, thrust

collars and clutch withdrawal collars, differential gear-boxes,

front and back wheel stubs, spring shackles.

Steel Pressing—Axle-castings, differential-casings.

It will be found that an arbitrary selection of materials

has been made, practically within the specifications drawn
up by the Steels Committee of the Institution. It must,

however, be reiterated, as stated earlier in the paper, that

those specifications do not by any means include all the steels

which can be used with advantage in automobile engineering.

Particularly is it noticeable that the chromium vanadium
steels are excluded from the specifications. The author would,

therefore, merely instance chromium vanadium steel as indi-

cative of the fact that there are now, and probably in the

future will be, still more useful steels which will of necessity

compel the designer, if he desires to keep pace with metal-

lurgical development, to take a detailed interest in the metal-

lurgy of the materials of which his parts are constructed.

Terminal Wastefulness at New York*
A Study of the Railroad Problem in Its Relation to the Metropolitan District

By fm. J. Wilgus

I
WOULD like to preface my remarks this evening with

the statement that of the innumerable problems that press

upon us in these crucial times, none should have more
earnest thought and more prompt and effective action than the

railroad problem. On its wise solution hangs our very means
of -existence—an uninterrupted supply of the necessaries of

life ; the continued turning of the wheels of industry, with

the fruits of which we purchase our daily needs ; an unin-

terrupted intercourse with our fellow men ; and preparedness

for defense against the public enemy both within and with-

out our borders.

No matter what our social ills may be, none can be com-

pletely cured while there hovers over us the specter of

continued strife between the railroad managements and their

men, their patrons and the general public, with resultant ineffi-

ciency, complete or partial paralysis of service, and the stop-

page of the flow of capital into railroad expansion and im-

provement.

Until the railroad problem of the Nation as a whole is

rightly solved, I do not see how our local problems can be

settled, for, apart from the other features, without new cap-

ital we are helpless to remedy our local ills.

I am among those who believe that the railroad legislation

under which we are now acting does not go to the root of

the disease ; and that reasonable harmony will not ensue and
capital will not be induced to return to the railroad field

while we have such an illogical situation as the private own-
ership of uncoordinated quasi-public property, regulated and

controlled by governmental agencies which in large degree are

not responsible for the financial outcome of their acts.

However, we must assume that in some manner yet to be

worked out, as was for instance suggested in my remarks be-

fore the Society on November 19th last, a cure for the exist-

ing evils will be found ; and through governmental or private

channels money will be forthcoming for railroad purposes.

Metropolitan New York, then, should be ready with well

thought out plans of its needs, not only from its more selfish

standpoint as a community of some seven million souls, but

in a wider sense as the world's principal gateway to a nation

of one hundred million people. The problem here is not

merely a local one, but is national in its bearing ; and therefore

the widest vision and the best brains and experience of the

country, if not of the world, should be devoted to its consid-

eration. This much is due to the localities affected, and to

Read at the meeting of the New York Section of the American
Society of Civil Engineers May 12, 1920.

the Government at Washington to which the people of the

country look for the expenditure of public funds at the port

of New York in such manner as to increase its usefulness as

a national gateway in times of both peace and war.

It should be realized that the port of New York is the

meeting place of water and land carriers, and that there, in

the interest of economy and speed, everything possible should

be done to eliminate obstacles to their closeness of contact.

Trans-atlantic and coastwise steamers, and canal barges and
harbor craft, there exchange traffic with each other and with

motor trucks for local distribution, and with the railroads

which connect the port with the hinterland.

That everything possible has not been done to bring these

agencies of transportation in proper contact is proven by the

chorus of complaints from all directions that terminal costs

and delays at this port are excessive and well nigh unen-

durable.

One member of the Interstate Commerce Commission, in

designating New York the "terminal sore spot of the Nation,"

contrasts its average terminal cost of $35 per car with $2.50

for like service at San Francisco, with a similarly low charge

at New Orleans, and with still lower costs at other points.

Civic and commercial organizations at New York are prac-

tically unanimous in their condemnation of terminal wasteful-

ness at this port, which, they say, if unchecked, will bring

ruin to its supremacy.

We are all aware of the congestion here during the war
which endangered the success of our armies abroad, and we
all know of the ever present delays and expense of distrib-

uting food, coal, building materials and other necessaries to

our local population.

The question naturally arises—what are the conditions

which have brought about this intolerable situation?

First, there is the deep channel of the Hudson River, origi-

nally the cause of the city's greatness in the heyday of inland

water transportation, but now a natural barrier between the

terminal of the eight trunk lines on its western shore and the

centers of population and shipping on Manhattan and Long

Island.

A car from the West cannot be taken direct to shipside or

consumer at points east of the Hudson, but on reaching the

terminus of its roadhaul from the interior is switched to

congested yards on the New Jersey or Staten Island water-

front. There the car is either placed on a float and taken across

the river or harbor to local freight terminals on the water-

front, at which high rentals and congested surroundings cause
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excessive costs and delays in the transfer of the contents to

trucks for surface distribution on crowded streets ; or its

contents are transferred to lighters and floated to shipside,

wharf or pier, where the freight is again handled one or more
times before final delivery to truck or ship.

All of these operations are not only costly in labor and
productive of delays to freight, but they involve the use of

waterfront on both shores, badly needed for legitimate water-

borne commerce; they involve the employment of a vast un-

coordinated fleet of tugs, car floats and lighters in a harbor

that is often fog and storm bound, and under circumstances

that cause duplications of effort; and they involve prolonged

idleness of railroad equipment at times when the country is

suffering acutely from car shortage.

The second condition that contributes to excessive costs

and delays in this port is that of narrow, craneless steamship

piers on which there is insufficient space for the sorting and
temporary storage of cargo, for motor truck driveways and for

suitably arranged railroad tracks.

This highly undesirable condition is the result of the Topsy-

like growth of the port from the time when railroads and
motor trucks were unknown, and short narrow piers, usually

constructed on the prolongation of the abutting streets, were
sufficiently spacious for the sailing vessel and small steamer

of the day. When the railroads came along the practice of

narrow piers was therefore already established, and circum-

stances have conspired to prevent a change, despite the re-

markable growth in the length and capacity of ships and the

increasing burden of harbor lighterage.

One of these circumstances is the requirement in the rate

from the interior that the rail carrier shall deliver freight at

ship-side, in consequence of which the water carrier, who
usually controls the pier, naturally has no incentive to aban-

don the "off-side" delivery of railroad freight by water in

exchange for direct rail delivery over a pier that is too narrow
for that purpose. To accept this exchange the water carrier

would suffer inconvenience and expense in order that the

rail carrier might profit.

Another of these circumstances is the practice of placing

the pier under the whole jurisdiction of the water carrier in-

stead of treating it as a joint facility for all carriers, both

land and water. For the water carrier to consent to piers of

sufficient width to accommodate a proper arrangement of rail-

road tracks would, under the policy in vogue in Manhattan,

mean higher rentals at his sole expense, from which he would
reap incommensurate benefits. Then too the presence of but

one trunk line on Manhattan has served to discourage the

laying of pier tracks which are inaccessible to the other rail

carriers.

It is therefore easy to realize why the narrow trackless pier

has held its own in New York despite its obvious great disad-

vantages from the broader viewpoint of the general good.

Thus it will be seen that the primary causes for excessive

terminal costs and delays in this port are : First, a lack of

coordination between the carriers ; second, the interposition

of a water barrier between the main land and the leading

centers of the port, which imposes on the rail carrier the

burden of effecting its collections and deliveries by means of

waterfront operations on both shores plus lighterage ; and,

third, the requirement in the seaboard rate that the land

carrier shall deliver and receive freight at ship-side, thereby

removing the incentive to the owner or lessee of the pier, the

water carrier, to advocate more efficient interchange facilities

from which the major benefits would go to those who would
not share in the cost of providing them.

How then in the public interest may these obstacles to

progress be overcome? I venture to offer my suggestions on

that score as follows

:

All of the rail carriers of the port should be linked with

each other and with the waterfront by means of an outer

belt line sufficiently removed from the center of the com-

munity to offer plenty of elbow-room for future growth and

for industrial development.

Such a location might extend from the New York Central in

the vicinity of Yonkers, westerly to the West Shore R. R.

near Dumont ; thence continuing west to the rear of Pater-

son, intersecting the various lines of the Erie and Delaware,

Lackawanna & Western railroads ; thence southerly along the

Passaic River to a crossing of the divide near the Delaware,

Lackawanna & Western R. R. at Summit; thence southerly and

easterly via So. Plainfield to Perth Amboy, intersecting the

Central Railroad of New Jersey, Lehigh Valley R. R., Phila-

delphia & Reading R. R., and Pennsylvania Railroad ; thence

northeasterly across Staten Island to Stapleton, where connec-

tion would be made with the Baltimore & Ohio R. R. ; and

thence under the Upper Bay to Bay Ridge on Long Island,

from which connections would radiate to the Brooklyn water-

front to Jamaica Bay, and via the Long Island and New
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ELECTRIC TRUCKS IN SERVICE ON PIERS 38 AND 40 SOUTH,
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York Connecting railroads to points in Long Island and the

Bronx.

This route or some modification of it would enable the rail-

roads to interchange freight and passengers, as well as troops

and supplies in times of war or insurrection, at points remote

from the congested regions of the port; and to deliver them,

without the expensive and uncertain intermediary of harbor

floatage, direct to bottoms along the waterfront of all sec-

tions of the port except Manhattan. From a transportation

standpoint this would transform the sections of the port that

are now marooned on Long Island and Staten Island into in-

tegral parts of the mainland.

The experience of practically every other great city has

demonstrated the inestimable value of a coordinating agency

of this kind in promoting economy, speed and safety. The
latter advantage was strikingly proven at Paris during the

World War, where the outer belt line, as a means of quick

movement of troops and war supplies around the city, in

several instances saved the day. Why should we not have

this protection in the interest of the Nation itself and of this

great community?

With the creation of the outer belt line, at which in time

large yards would be built for the termination of the trunk

line road haul, there should be a unification of the manage-
ment of all transportation facilities within its circumference,

including the inner belt lines, waterfront developments of a

public nature, and the portion of the lighterage fleet which
would be retained for the character of terminal service that

must continue to be handled by water.

Within this consolidated terminal zone it is natural to ex-

pect that in time all railroads would be electrically operated,

thereby extending to the Staten Island and New Jersey sec-

tions the well known benefits of electrification now enjoyed

on Long Island and Manhattan.

The adoption of this general plan, with its manifest com-
mecial and military advantages, would carry with it the grad-

ual abandonment in New Jersey, Staten Island and Long
Island of the narrow type of pier, now alone persisted in by
New York among the great ports of the world, and the sub-

stitution of piers of ample width and length for the accom-

modation of the largest ships, and equipped with commodious
motor truck driveways, track layouts suitable for continuous

cargo handling, spacious areas for sorting and temporarily

storing cargo, and labor and time saving mechanical devices.

The economy that would flow from the adoption of modern
piers is easily provable, and their increased cost would be a
comparatively small percentage of the combined investment

in those features whose effectiveness would be enormously
benefited thereby, namely, ships, cars, harbor equipment and
waterfront.

Again reverting to the experiences of the World War, it

was found that the chance of our military success was
greatly multiplied through the use at the French ports as-

signed to our army, of mechanical appliances in conjunction

with adjacent tracks for the quick release of vessels freighted

with mixed cargoes ranging from small boxes to bulky rail-

road materials, machinery, guns, camions and fighting tanks.

Of course it would not be proper to load upon the water

SOUTHWARK PIERS NO. 38 AND 40 S. W., PHILADELPHIA—A TYPICAL CROSS-SECTION
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carrier the entire burden of the increased cost of such mod-
ern facilities, from which other interests would reap an im-

portant share of the reward. This is a question that should

be disposed of through negotiation. The main thing is to

bring about the adoption of plans that will be most helpful

to the port as a whole.

As to Manhattan, I hope that I am not alone in the belief

that its cramped- quarters forbid that it should be served in

the future with a New Jersey joint freight connection that

would permit all the trunk lines to place their large cars

on the island. There is insufficient space for sorting and
storage yards at the proposed termini on the island, the exist-

ing pier widths are too narrow for direct rail access thereto,

the added concentration of traffic on city streets would promote
further congestion, and the public indirectly would be bur-

dened not only with increased interest charges but also with

The two States are now proposing the construction of a
vehicular tunnel between Canal Street, Manhattan, and Jersey
City, but this may be looked upon as a street extension across

the river and not as a means of solving Manhattan's freight

distribution problem.

A word should be said as to the passenger end of the prob-

lem, apart from urban transportation which is a subject by
itself.

Plans have been proposed for Hudson River bridge crossings,

one in the vicinity of 59th Street and the other at Fort Wash-
ington, for the accommodation of pedestrians, motor vehicles

and joint trunk line traffic, both passenger and freight. It

has seemed to me that either or both of these feats should be

accomplished in the comparatively near future, although for

the reasons I have expressed I am not optimistic as to their

availability for heavy freight service.

AMERICAN BASSENS, FRANCE. DEC. 13, 1918. GANTRY CRANES SPANNING SEVERAL TRACKS.
ENGAGED IN DISCHARGING RAILROAD RAILS

CRANE IN FOREGROUND

increased cost of operation, instead of the decrease which
they have a right to expect.

I have long held, inasmuch as somewhere there must be the

transhipment of Manhattan freight from the standard rail-

road car to a distributing vehicle, that rather than do this

on costly property, among congested surroundings at con-

centrated localities as near as possible to Broadway, it would
be far more economical, convenient and speedy to perform

this act at trunk line termini on the New Jersey meadows, in

conjunction with which the freight would be carried in trains

of electrically operated multiple unit vehicles beneath the

river, and through small subways near the surface, to and
from many points in the city where there would be direct

contact with the large shippers, or where mechanical devices

would transfer the removable containers from the subway
vehicles to motor truck chassis for short radius "stoor-door"

delivery. This idea has for its mainspring a policy of diffu-

sion rather than concentration of market products, fuel and

other freight, combined with the release of a large part of

the valuable waterfront for legitimate waterborne commerce,

the relief of street congestion, and a unified control of the

borough's system of distribution.

In light of these suggestions for an outer belt line, coupled

with direct rail connections to piers in New Jersey and on

Staten and Long Islands, it may be timely to comment on the

waterfront improvement proposed by the City of New York at

Stapleton, Staten Island.

At this location, situated as it is in the only borough of.

the city that lies west of the Hudson River channel and there-

fore contiguous to the mainland, there is a happy combination

of the deepest channel in the port, 40 feet, ample space be-

tween the pierhead and bulkhead lines for piers upwards of

1,300 feet in length, existing means of direct rail connection

with five of the trunk lines serving the port as well as the

promise of future connection with all of them, and a neighbor-

ing upland within easy motor truck and rail access well

adapted for industrial development as a "free port" or other-

wise. Excellent sites for grain elevators, refrigeration plants

and warehouses are also in close proximity to ship-side.

It is to be expected that with these outstanding advan-

tages, in many respects unique, the city, guided by wide vision

and experience and in consultation with rail, water and com-

mercial interests and with the local and national authorities,

would have adopted plans for wide piers equipped with appli-
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ances for handling varied cargoes, with adequate track lay-

outs including supporting yards, with motor truck driveways

free from grade crossings of tracks, and with transit sheds of

ample width for use in connection with the largest type of

vessels.

This expectation is heightened by the general knowledge

that such provisions have been made at all important ports in

the world, as evidenced by pier widths of 300 feet at Phila-

delphia, 300 to 340 feet at Montreal and Halifax, 400 feet at

Boston, 480 feet at Portland, Oregon, 400 feet at London, 550

feet at Hamburg, and still greater widths at other ports.

However, grievous to relate, this obvious course has not

been followed in the plans as recently published in the

S'ientific American.1

Of the total of twelve proposed piers of such great length,

ten are only 125 to 130 feet wide, and two 209 feet wide. The
latter have tracks on the outside only, and the shed width is

entirely inadequate for combined sorting and storing cargo,

motor truck driveways, and the ultimate provision of interior

tracks.

The narrower piers are without cranes. This is a fault

AUTO-TRUCK BEING UNLOADED FROM A SHIP AT
BASSENS, FRANCE

that is especially deplorable in view of the future operation

of Erie Canal barges which are unequipped with self-handling

cargo devices and for which the State elsewhere at barge

canal terminals is spending millions for power machinery.

Moreover this is to be regretted in view of the surety that in

case of war many kinds of cargo must be handled here for

which the ordinary ship tackle will be unsuited.

Also these narrower piers are without exterior tracks for

direct interchange between rail and water carriers, a need sure

to arise if the immediate purpose of the improvement should

later change under other managements, and sure to arise

in case of war stress. Moreover, the width of shed is

entirely too narrow for the combined use of cargo sorting and

storage and a proper layout of interior tracks for such long

piers.

The illustrations of the general layout give no indication of

thought as to proper supporting yard layouts and viaduct

crossing to neighboring streets and upland.

The answer to the riddle as to why the city, in the face

of the crying need for reductions in terminal costs and delays,

should fall into these errors, is found in the Scientific

American article which states that the plans were made to

suit the wishes of the prospective lessees, the steamship com-

panies, whose policy very naturally is dictated by self-interest

rather than the general good.

It is to be hoped that the Federal authorities and enlight-

ened civic sentiment will yet bring about a proper revision of

^Scientific American, May 1, 1920, p. 492.

these plans and thus indicate that this port is at last

awakened and intends to remove the stigma that it is the

"terminal sore spot of the Nation."

Summarizing, it is my opinion that the general railroad

problem first must be solved by the Nation in such manner
that harmony will reign between the railroad managements
and their employees and the public at large, and in such man-
ner that capital will again flow into the expansion and ex-

tension of our railroads.

Then, with the needed money in sight, it is my thought that

this port should be radically improved by means of the co-

ordination of all terminal facilities in conjunction with an
outer belt line over which direct rail access would be had by
all of the rail carriers to modern suitably equipped wide piers

in New Jersey, Staten Island and Long Island ; also by means
of bridge crossings of the Hudson for passenger connections

between the New Jersey railroads and upper Manhattan, and
by a system of underground small car freight distribution on
Manhattan.

Pending a comprehensive solution of the problem it is

ardently to be hoped that all work done by the local communi-
ties, as for instance on Staten Island, will be designed and
constructed in harmony with what is manifestly the best for

all concerned rather than for a single interest.

If a course like this, or some better one, is not adopted soon,

the City of New York will see rival ports prosper at its ex-

pense ; it will run the serious danger of having the excessive

terminal costs of its making transferred, through the change

of the rate structure, from the nation at large to its own
shoulders; it will furnish ammunition to its opponents who
are striving to bring about the by-passing of this port in favor

of the proposed St. Lawrence deep route to the Great Lakes

;

and it will attract less and less cooperation from the Federal

Government which cannot fail increasingly to appreciate the

injury to the newly established American merchant marine

and to the Nation's preparedness in case of war, if this im-

perial city does nothing to cure its ills.

As engineers have we a higher purpose than to awaken our

fellow citizens to an appreciation of the gravity of the problem,

and to point a way to its solution?

I fully realize that the ideas that I have expressed are open

to great improvement or to radical change. It may be, how-

ever, that they will serve a purpose by calling forth construc-

tive criticisms and suggestions that will prove of real value

to the public.

WHITE COAL AVAILABLE IN CANADA.
The Committee on Water Power of the Commission of Con-

servation of Canada, following a survey of the total available

water power of that country, reports that Quebec has 6,000,000

available horse-power; Ontario, 5,800,000; British Columbia,

3,000,000; Manitoba, 2,797,000; and a considerable amount of

power in other parts of the Dominion, totaling in all, 18,832,-

000 horse-power.

It is estimated that more than 85 per cent of the total

electric-generating-station capacity in Canada is derived from

water power, the remainder being nearly all steam power.

Efforts toward more complete utilization of this power are

under way. Last year there was completed throughout the Do-

minion installation of plants aggregating 64,000 hp., and plants

at present under construction total over 370,000 hp., while

other developments planned for the future will increase this

by about 750,000 horse-power.

Two methods, entirely different, have been developed for

dealing with water-power problems in Ontario and Quebec.

Each seems to be successful in its own area. The Hydro-

Electric Power Commission of Ontario has jurisdiction over

all water powers in that province. The commission is carry-

ing out its own developments and operating its projects. In

Quebec the Quebec Stream Commission is taking all neces-

sary steps to make water power available by private companies.

—From Power, May 18, p. 796.



Increasing the Utility of the Tractor
Necessity of Adapting the Tractor to the Farmer and the Farmer to the Tractor

By Arnold P. Yerkes

IT
is now more than fifteen years since the gasoline tractor

was first used in quantity for farm work. The tractor is,

therefore, almost as old as the automobile and is really

older than the motor truck. But in spite of the fact that several

million automobiles are in use and a million or more motor
trucks, the number of farm tractors in use at the end of
1919 will probably be 100,000 short of the half-million mark.
This comparatively slow introduction of mechanical power

for farm operations has been a surprise and a disappointment
to many people. Numerous companies have been organized

to manufacture tractors under the belief that the business

was sure to grow at a tremendous rate, and that there would
be room for many companies to manufacture the tractors

they had been told that farmers were waiting to buy, and
which they must have at once to replace the expensive horse.

Company after company has become involved in financial

difficulties because the farmers did not take advantage of

their opportunity to relieve themselves of this burden. A
great many of these early mechanical horses were rather

freakish and incapable of meeting the requirements of the

farmer ; but in addition to the rather long list of machines
of poor design and construction, a few, even among the early

makes, were sold in large numbers and proved a profitable

investment for the farmers.

It is easy to understand why the machines which were
deficient failed to sell. It is not quite so clear why the really

efficient outfits failed to make greater headway. Some have
blamed the poor tractors and their effect upon the farmers for

the slow progress made in introducing those of more satis-

factory design and quality. Others have thought that no really

efficient tractor of just the right size and possessing sufficient

all-around usefulness had been produced. They have professed

to see a wonderful and immediate market for the tractor that

would fully meet the farmers' requirements. Others still be-

lieve, or profess to believe, that past and present tractors

have been lacking in quality of material and workmanship
to such an extent that they failed to meet the farmers' re-

quirements for durability, and that what is needed to give

the business proper acceleration and increase sales is the at-

tainment of the highest possible quality, so that the tractors

will be capable of working steadily for several seasons on

farms, without danger of delays and expense due to break-

downs and repairs.

No doubt the failures of tractors to succeed on some farms

has had the effect of making neighboring formers rather slow

to try one, but certainly this cause alone has not been either

wholly or in large part responsible for the slow adoption

of tractors during the past several years. It may be true

also that some farmers are waiting for a tractor capable of

a wider variety of work than those now available, although

it is difficult to conceive of a wider range of usefulness than

is claimed for some machines now on the market, but which

do not seem to enjoy any greater rapidity of distribution than

other machines of more conservative design and with a shorter

list of claimed accomplishments.

As to the need of better quality to increase sales, the trac-

tor would be in a class by itself if highest possible quality

were essential to secure its general or extensive adoption. In

almost every line of manufactured goods there is a wide range

of quality, and this variety exists because the trade demands

it. No matter what the article, there is usually a choice of

quality ranging from the poorest to the best for which any

demand exists. For a few dollars a watch can be purchased

Reprinted from the Jour. Soc. Automotive Eng. April, 1920, pp.

226-230.

which will keep time fairly well and answer all practical
purposes. For several hundred dollars one can buy a Swiss
hand-made watch which will not vary more than a fraction
of a second per month. There is a demand for each kind,
but the lower-priced ones sell in the greatest numbers. This
should not be overlooked, for it holds true of many other
things besides watches, not excepting tractors. Many men
who buy watches with high-priced works, and add still fur-
ther to the cost by getting a handsome case, will, when buying
a pocketknife, get a comparatively cheap one, perhaps paying
more attention to appearance than to real quality, because
they have little use for a knife. But others will spend a
greater amount for one having blades of higher-quality steel,

because they feel that it pays them to get a knife of good
quality. The quality depends, to a large extent, upon the

amount one is willing to pay. The tractor is no exception.

There is some demand for a tractor of highest possible quality,

but there is no more reason for having all tractors of this

superlative quality than for having all watches Swiss hand-
made, or all jackknives hand-forged from crucible steel.

FAKM-TEACTOE ADOPTION DATA.

No one can make a thorough study of the existing situation

and conclude that any or all of the reasons mentioned are

even in a large part responsible for the slowness in adopting
the tractor more generally on the farms. It is obvious that

there are other strong influences. Most of these are connected

with the farm business itself, and by considering the matter
in the light of the individual farmer rather than of farmers

as a class, these influences become more clear. Considering

the subject in its broader aspect and using available statis-

tics, one of the strongest reasons becomes quite obvious. There
are on farms in the United States between 300,000,000 and
350,000,000 acres tilled each year. This acreage varies accord-

ing to market conditions and also according to weather con-

ditions during working seasons. There are about 25,000,000

work horses and mules on farms in this country, or at least

one work animal for every 14 acres of tilled land. On a great

many general farms where horses are the sole source of

power for field work, only one animal is kept for every 30

acres of tilled land and the work is carried on in a very satis-

factory manner. It would thus appear that there is at present

an abundance of animal power available for farm operations.

In spite of the enomous increase in the number of automobiles,

motor trucks and tractors, the total number of horses has

shown no great decrease, although the latest Government

figures show for the first time in several years a decrease in

the number of work animals. But the point is that these ani-

mals are in the country and, since the average life of a work

horse is about twelve years, at least half can be expected to

be still available five or six years hence, and their colts will

continue to be raised in large numbers, although in smaller

numbers than previously.

The price of work horses has decreased gradually for sev-

eral years,' owing to the high cost of feed and the falling off

in the city demand for horses because of the increased use of

motor trucks for city hauling. Farmers will not kill off their

horses simply to buy tractors; neither will the individual

farmer sacrifice his work stock to buy a mechanical power-

plant, although he may believe it might prove more efficient

and satisfactory than horses. In addition to the very impor-

tant fact that we have such a plentiful supply of work ani-

mals that universal adoption of mechanical power must await

their passing, there are three other influential factors neces-

sary to bring about the more general utilization of the tractor.

GG
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(1) A lower first cost, or greater financial return for

farmers, or both.

(2) Perfection of machines and attachments for the tractor

and motor truck which will permit their use to better ad-

vantage for some of the work for which horses are still used,

and also reduce the human labor required.

(3) Informing farmers how to reorganize and enlarge their

farm business by crop rotation, etc., to utilize the tractor to

advantage and also maintain soil fertility.

Any suggestion of lower prices for tractors under present

conditions seems unreasonable, but either these must come
before tractors will be used in really great numbers or farm-

ers as a class must receive .greater returns, to make more
of them financially able to purchase tractors at present prices.

The latter alternative may not appear logical to those who be-

lieve farmers as a class are able to buy almost anything.

Such a belief is, however, far from being in accord with

actual facts. Many people make the mistake of judging

farmers as a class. They may have an intimate knowledge

of a few individual farmers, their financial circumstances and

general surroundings. If they visit friends or relatives on a

farm, they are apt to visit those who are more prosperous

than the average and who have a home and general surround-

ings conducive to such visits. All farms are not of this nature.

A large percentage of American farmers are tenants. Among
these tenants many have been hired men or farm boys, who
have had little money to begin farming and were gradually

working their way up. If they have lived in a community a

few years and shown themselves honest and industrious, they

can often obtain a farm either on shares or for a small cash

rental, even though they have very little stock or equipment.

Many retired farmers are willing to advance money. They

are accustomed to increasing their powerplants by raising

colts, or by purchasing young colts, perhaps working in part

payment for them and raising them as cheaply as possible on

pasture and roughage otherwise of little value. Many of these

tenant farmers are in no financial position to buy tractors

even if desirous of so doing. It is true that many of them

have sufficient credit to buy a tractor, and the same holds

true of many who have passed through the tenant stage and

acquired title to a farm, although under a heavy mortgage. A
loan to an honest and industrious man with a family is al-

ways reasonably safe, and country bankers know this. How-
ever, many of these men and their wives hesitate to incur

more indebtedness until they have paid off some of the mort-

gage and perhaps obtained necessities and luxuries which

they feel they would rather have than a tractor. In some

States nearly half the farmers are renters. A large per-

centage have comparatively little capital and are making, as

a rule, a very small net income. Their available surplus can

always be used for buying numerous articles for the comfort

and enjoyment of their families, and it is small wonder that

so few of them purchase tractors.

In spite of all reports about profiteering on the part of

the farmer, the returns on his invested capital and for the

amount of work he puts into crop and stock production have

been, as a rule, pitifully small. Most farmers today have

begun with little or nothing and have gradually acquired

land, work stock and other livestock. It is an exception if

they have any great sum of money to invest at any time ; and,

when they do have money to spend, there are many ways in

which to spend it. While farmers as a class are getting

greater returns than was formerly the case, they must also

pay much more for almost everything they need. They are

also living on a somewhat higher plane, and naturally do not'

propose to return to former conditions simply to have money

to invest in some particular machine. It is no longer con-

sidered wise to keep children out of school following the

sixth or seventh grade to help with farm work, but it is

more and more common for children to go through high school

or college, and this is expensive. The farm lighting plant, a

water system for the farmhouse and numerous other improve-

ments practically in the same class with the automobile, must
be considered, so far as having the support of the entire

family is concerned.

THE FARMER'S INCOME.

What must the individual farmer spend for all his numer-
our purchases? Frequently, figures are printed Which have
been compiled as to the amount of money represented by the

total crops produced, and which farmers will have to spend.

Most farmers, however, who read such figures must wonder
where their share of this sum is. How much money will a
farmer be likely to receive from a corn-belt farm of 200 acres,

representing a return much above that of the average farm?
Corn is the principal cash crop in the corn-belt and the one
returning the most profit. Assume that of the 200 acres,

100 acres are in corn. The average yield per acre does not

quite reach 40 bushels even in the corn belt, but assuming 40
bushels per acre, the farmer would harvest 4,000 bushels.

Until the war, corn has usually been about 70 cents per

bushel, but even during the last several years $1.50 per bushel

at the farm is a very high estimate. This gives a gross re-

turn of $6,000. Suppose the other 100 acres is divided

between oats and alfalfa. A fair average for the corn belt

is 50 bushels of oats, and 50 acres at this rate would give

2,500 bushels. At 70 cents per bushel, a liberal price, this

would be $1,750. Fifty acres of alfalfa with a yield of 3

tons per acre would mean 150 tons, and at $10 per ton at

the farm would give a gross return of $1,500. Figuring thus

liberally, a 200-acre corn-belt farm could not be expected to

produce more than a gross return of $9,250. If this were
only a net amount there would be a stronger demand for

tractors, even at high prices. Unfortunately, heavy costs such

as labor, interest or rent, taxes, seed, overhead charges, etc.,

must be deducted. A low price for much of the present corn-

belt land would be $200 per acre. At 7 per cent the interest

on the land investment of a 200-acre farm would be $2,800.

Of course, part of this interest would probably be avail-

able to the farmer, but a large percentage of farms have

heavy mortgages. It would therefore be not at all too much
to deduct $2,000 interest charge from the gross total. The
work stock, according to the common estimate, would re-

quire 5 acres for each head. At least eight and perhaps ten

work horses would be kept on a 200-acre farm today, but

the former number, at $125 a year, would cost $1,000. Including

board and other expenses another $1,000 will not cover the

cost of hired labor. Overhead costs on buildings, fences, ma-
chinery, marketing and numerous other items of actually

necessary operating expense will in almost every case. reduce

the net income to considerably below $2,000. This must pro-

vide part of the family's living expense, supply them with

clothes, furnish the house and provide whatever recreation and

luxuries they are to enjoy.

If an absolutely fair calculation is made, it is evident that

a farm as large as 200 acres is not apt to return a sufficient

profit to allow a farmer any great amount of money to invest

in new machinery. The income from farms is, as a general

rule, in direct proportion to their size for any given type.

On corn-belt farms of 80 to 160 acres, the net returns are

very low compared with those from most other kinds of busi-

ness having anything like an equal investment of capital.

Numerous investigations have shown without exception thai;

the net income from farming is very small. In spite of all

that may be said and believed regarding their enormous

profits, farmers appear to be anything but satisfied with con-

ditions as they have existed in the past and are found at

present. Farmers show almost as much unrest and dissatis-

faction today as labor unions show. On every hand they are

endeavoring with more or less success to better their condi-

tions and obtain a more adequate return for their labor. The

Non-Partisan League movement in the Northwest is one evi-

dence of this. The forming of numerous cooperative associa-

tions is further evidence, and to show the frame of mind of
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many farmers, attention may be called to the resolution re-

cently passed by the Indiana Division of the Farmers' Educa-
tional and Cooperative Union, which called for a reduction

of 25 per cent in the acreage planted to crops in 1920. The
effect of carrying out such a resolution would be far-reaching,

as is obvious. Nevertheless, it is quite likely that it will be

carried out to a great extent. At any rate, reports already

received as to the acreage, of fall-sown grains in Illinois show
a very heavy decrease, amounting to 50 per cent in some
counties.

These conditions might at first glance seem to have little

relation to the sale of tractors, but they do have a very strong

influence. The farmer is in a peculiar position. He can al-

ways procure a fairly good living from his farm. If he and
his family are willing to stint themselves somewhat in regard

to articles which must be purchased, they can continue to

exist even though the money returns from crops are extremely

low. This fact has been largely responsible for so many
farmers remaining in the business when they were not re-

ceiving an adequate return for their labor and invested cap-

ital. It enables them to reduce their tilled acreage and so

cut down their expense for hired labor and operating cost,

resulting in a public shortage of food supplies, which may
still return them fully as much as a larger crop at lower

prices. While thousands of farmers are in this frame of

mind, it is useless to expect them to buy tractors. The real

solution of their problem undoubtedly lies in increasing rather

than decreasing their acreage, and in bringing about greater

returns for their labor through the more efficient utilization

of their labor by large labor-saving machines. Unfortunately,

this is not being pointed out to them to any great extent.

It is impossible to calculate with any degree of accuracy

the probable market for tractors today, without taking into

consideration the economic problems with which farmers are

confronted. The changed conditions brought about by the

war have affected the farmer almost as much as the business

man. The labor situation is perhaps even worse from the

farmer's standpoint than from that of the industrial employer.

HUMAN VS. MECHANICAL LABOE.

In two principal ways, farmers attempt to free themselves

from the hired-help problem. One is to cut down the acreage

being farmed and either engage in dairying to some extent or

undertake the growing of crops which will provide employ-

ment for a large number of days each year, can be handled

with little or no extra help and, because of the large amount
of labor involved, return a greater amount of money per acre

than crops usually grown by machinery. The other solution is

to increase the size of the farm to permit utilization of the

largest and most efficient labor-saving machinery, to operate

on a sufficient scale to permit paying wages on a competitive

basis with city industries and to provide enough work for

both men and equipment to justify the necessary investment

and overhead charges.

A number of companies and corporations have been formed

within the past few years to carry on farming on a large and

efficient scale, and this movement has doubtless just begun.

Most of those engineered by experienced farmers seem to have

proved profitable. Some have involved the growing of perish-

able truck crops and small fruits ; others, general farming

only. One of the largest and most recently formed is reported

to be a $20,000,000 corporation to handle fruits only. This

organization, like most of the others, expects to reduce the

overhead charges through buying supplies and equipment in

large lots, proper advertising of the product, ability to handle

the entire marketing problem in a much better manner,

using tractors and other large machines in all field work.

Their financial resources will permit them to buy an adequate

supply of the most modern machinery, and their large acreages

will fully justify it. Great benefits have been predicted from

these large farming schemes, and there are certainly enough

possibilities in them to cause many more to be undertaken.

One of them is of more than usual interest, because it was
backed largely by representative capitalists and inaugurated

as a war measure. It was planned on a magnificent scale,

and was located on several thousand acres of Indian land.

This section was recently stricken by a drought, and the wheat
crop was a total failure. This experience should give business

men a better conception of the risks involved in farming. It

also shows that even though a farmer may make money some
years, such profits must make up for the bad seasons which
occur too frequently, even in desirable farming regions. It

has often been stated that there is no such thing as an average

farm and it is just as true that there is no such thing as an

average farmer. There are always great variations in the

problems presented by any two farms. To classify them, the

best that can be done is to place in a group those that are

least dissimilar. In this great dissimilarity of farms and
farmers lies another reason for the slow rate at which trac-

tors have been bought. It does not follow that because one

man on a 240-acre farm in the corn belt finds a tractor profit-

able, his neighbor with the same sized farm will find a tractor

equally profitable. The crop rotations on the two farms may
be quite different. One farmer may like horses and raise

colts for sale, while the other does not ; one may be a good

hand with machinery or may have a son or hired man who
can operate a tractor satisfactorily, while the other may
not ; one may depend upon hired help, while the other may
have boys of his own to assist him ; one may have passed

middle age and, like most elderly people, be rather averse to

making any radical changes in his methods or equipment,

while the other may be young, energetic and perfectly willing

to try something new ; one may have money laid aside either

as the fruit of his own labor or through inheritance, while the

other may be financially handicapped ; and one may have

excellent credit with his bankers and local business men,

while the credit of the other may be poor. Thousands of other

variations could be listed, each one of which actually exists in

some instance. The size and type of farm are far from

being the only factors which determine whether a tractor will

be practical and whether it is likely to be used.

EQUIPMENT AND METHOD CHANGES.

Attempting to put a tractor on every farm above a certain

acreage would be like trying to sell a motor truck or delivery

car to every corner grocer in our cities. In Chicago, there are

hundreds of small grocers who each maintain a horse and

wagon for hauling goods from the wholesale house and deliver-

ing to customers. This does not mean that automobile delivery

is not quicker, cheaper and more desirable in almost every

way, but that the horse and wagon have in many cases been

owned for a number of years, are still serviceable and meeting

the requirements. Even if the storekeeper desired to sell

his present outfit and purchase an automobile, he would find

a very poor market for either the horse or wagon ; hence, the

new equipment would mean a considerable investment increase

and an actual loss through the sacrificing of serviceable

equipment. So long as he sees no probability of an increase in

his business that the horse and wagon would be incapable

of caring for, he is not likely to make a change. If his profits

were more than necessary for the living expenses of himself

and family he would probably spend the surplus for a pas-

senger car rather than a new delivery vehicle. This is simply

human nature and explains the enormous sale of automobiles

to farmers, who do not buy tractors so freely.

The farmer is not alone in his inclination to continue using

equipment which has proved adequate. It is nearly as diffi-

cult to sell new and improved machines to any other business

man or manufacturer as to the farmer. It is only in newly

built factories that the most improved machinery and equip-

ment are found throughout. In older factories one is sure to

find machines and equipment that are out-of-date and less

efficient than other machines on the market. Hundreds of

instances might be cited where large manufacturers are using
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methods and equipment which are out-of-date and much less

efficient than later methods; but, so long as the old equip-

ment continues fairly satisfactory, it is used because the loss

through sacrificing it to buy the newest and most improved

equipment will often more than offset the slightly greater

labor cost in operating the out-of-date equipment. Further-

more, manufacturers often take the attitude that the newer

and more improved machinery will probably become cheaper,

or that further improvements may be made that will justify

waiting. Farmers are fully as well justified in taking this

course. Most farmers, although they may have made a fairly

large investment, are receiving such small returns that they

cannot afford to risk a large amount in an experiment. They
like to be as nearly certain as possible that any new machine

they buy will return a good profit.

It is but natural that farmers watch very closely how their

neighbors' tractors are working out. The tractor manufac-

turers should answer very frankly, to themselves at least,

what has been the result of such observations. It is true

that a high percentage of tractors bought within the last

several years have proved satisfactory to their users. Most
owners will say that the machines have been profitable, but

in order to get to actual facts it is desirable that every-

one realize just what these machines are actually doing for the

men who own them. The farmer who is considering the pur-

chase of a tractor should not be expected to take a particu-

larly optimistic view and see things in a more attractive

light than the facts actually warrant. He is rather critical

of the performance of the machines, and the facts and figures

as to what they have actually been doing certainly do not

constitute a great incentive to hasten the farmer's purchase.

In advertising tractors and in attempting to emphasize their

advantages over horses, the statement has been made re-

peatedly that the farm horse works on an average only about

100 days per year. This was intended to show that 'he was
inefficient as a source of farm power and used only for field

work, while the tractor could be used for belt work also.

Figures obtained from tractor owners as to the number of

days they use their machines for different kinds of work and

as to the total number of days the tractor could be used each

year, disclosed the fact that the tractor was generally used

not to exceed 50 days per year and that on many types of

farm it was used about half of this time at belt work. This

was almost incredible to many people and its accuracy was
questioned. Further investigation, however, showed that it

was too high rather than too low an average.

EFFORTS TO INCEEASE TEACTOE UTILIZATION.

Some manufacturers, realizing that the tractor was being

used so few days per year, that its work was largely limited

to plowing and belt work and that horses were doing harrow-

ing, disking, seeding and other operations following plowing,

attempted to make the tractor more generally useful. They
encouraged its use for practically all kinds of field operations,

bringing out special harrows, disks, drills, harvesters and
other machines to make the tractor more suitable for these

operations. It was hoped that the perfecting of such machines

for use with the tractor would result in its being used a much
greater number of days annually.

Not many figures obtained within the past year are avail-

able to check up this expectation. Such as are available,

however, do not indicate that the desired result 'has been ac-

complished. L. A. Reynoldson, of the office of farm manage-
ment of the Department of Agriculture, visited 141 corn-belt

farms where tractors were used in the summer of 1919, and
obtained from the operators the number of days the tractor

had been used in the different kinds of farm operation and also

the time that horses had been used. These data differed

slightly from most that had been obtained previously. In-

stead of taking the total number of days on which the tractor

had been used for belt or field work, the owners gave as nearly

as possible the number of full days the tractor had been used.

If a farmer used his tractor 2 hours of 1 day each week to

grind feed, instead of reporting the tractor used for 52 days
for grinding feed, the figure would be 10.4 days. The investi-

gation showed that tractors on the 141 farms visited were used
only 29 days each year on the average. Horses kept by these

tractor owners decreased, on an average, two and one-half

per farm, while the average size of farm had increased 24
acres. The horses remaining on these farms were used an
average of 78 days per year. For the average farm, 565 days
of horse labor was distributed among the various operations

in order of their importance, rated on the number of days'

labor involved, as follows

:

Days
Harvesting corn 100

Corn cultivating 84

Disking, harrowing, etc 71

Road hauling 63

Hauling manure 48
Threshing 44
Plowing 33
Haying 29

Drilling 25

Cutting grain 24
Corn planting 16

Miscellaneous 28

The neighbors of these tractor owners would not receive

much encouragement from such tractor performance unless

their owners were getting much better yields than farmers
usiug horses or enjoying a greater profit by having their crops

planted and harvested in season. These theoretical advan-

tages, however, are not realized every season and the observer

might not give them full benefit of their advantages along

these lines.

Why do the farmers not make better use of their tractors?

For an outfit costing $1,500 and used only 30 days each year,

the interest charge alone would be about $3 per day, and de-

preciation, based upon a life of 10 years, would be $5 per day.

One must admit that a farmer has much better reason to put

off purchasing a machine which he can use only 30 days each

year than a manufacturer has for postponing the purchase

of an improved machine that he can probably use every day.

The average size of the farms on which the 141 tractors men-
tioned were used was 346 acres, which is considerably higher

than the average for the country or even for the corn belt.

As would be expected, the number of days the tractors were
used annually increased almost directly with the size of the

farm. On farms of 220 acres and less, the tractors were used

only about 20 days on an average, while on 380 to 700-acre

farms they were used about 36 days. This merely reaffirms

the fact that to utilize the tractor to advantage there must be

enough acreage to keep it busy for a reasonable period each

year. The number of days horses were used for various op-

erations shows the need of developing more machines and at-

tachments to make the tractor or truck suitable for the differ-

ent kinds of work. For some, the motor cultivator will un-

doubtedly be used ; for others, the truck will be more satis-

factory than horses ; for road 'hauling, hauling manure and

probably some of the other work such as haying, corn harvest-

ing, etc., the truck will have its place.

Granting that the sale of tractors 'has not been all that

could be desired and that this condition can be improved upon,

the principal question is how to overcome the obstacles which

have interfered with the development of the business, so that

the tractor will be generally adopted for farm work. First,

the initial cost of a tractor must be such as to make it prac-

ticable for a business of the magnitude of a large percentage

of farms. Second, it is obvious that what is commonly

termed intensive cultivation, meaning the growing of crops by

hand methods on small areas, does not tend to increase the

sale of large machines of any kind, tractors, included. But

extensive farming, the raising of crops on a large scale with

a minimum of human labor through the use of large labor-
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saving machines, does tend to encourage the use of all kinds

of improved equipment, including tractors. Less consideration

should be given to 10-aere farms and more to 1,000-acre farms

;

the latter can use tractors to advantage ; the former cannot.

The problem will solve itself if things are allowed to take

their own course, or the solution can be hastened by proper

action. At present, farmers receive advice on practically

every subject connected with farming except on the use of

labor-saving machines. All kinds of experiments and investi-

gations are being carried on in the breeding of live stock and

better crops; likewise, experiments in the building up and

maintenance of soil fertility are being carried on in great

number. Such detailed information can be obtained by any

farmer who wishes it, but regarding information as to the

best crop rotation and acreage to make use of a tractor effi-

ciently, little is available.

It is unreasonable to expect each individual farmer to be

capable of working out an organization and crop rotation for

his farm which should make it possible and practicable for

him to use a tractor. He is not much more likely to do this

than he is to breed a better variety of wheat by hybridizing.

Some individuals will solve their own problems of this kind.

The large percentage of tractor owners who enlarge their

farms and increase their returns by a better farm organiza-

tion on an extensive scale are ample proof of this. What is

needed is to ascertain just exactly how these successful users

have reorganized and to pass this information on to other

farmers. Organizations are now teaching farmers how to

treat their hogs for cholera, how to fumigate seed and inocu-

late soil and are giving other information which adds to gen-

eral prosperity. The farmer should be told how to change

over from a small and inefficient plant where human labor is

being wasted, to a larger and efficient food-production organi-

zation, on which he can practise the same principles of quan-

tity production as are practised by large manufacturers today.

Farming needs to be put on a quantity production basis fully

as much as does any other industry for the good of the indi-

vidual farmer and of the country as a whole.

More About High Flying

Aerial Leviathan with Enclosed Cabin Especially Adapted for Flight at High Altitudes

By Dr. Guglielminetti

President of the Section of Physiology of the International Aeronautic Exposition

[Note.—In the January number of this magazine toe pub-

lished, under the title Aerial Travel at High Altitudes, an
article giving some account of the work done by Dr. Guglielmi-

netti, with respect to the physiological aspect of balloon or

aeroplane travel at great heights. The latter part of this

article dealt with the devices known as "aerial divmg suits"

and "submarines," but without going into details. We are

now fortunate enough to be able to give our readers further

data upon this interesting subject in an article from the pen

of Dr. Guglielminetti himself. We omit the first part of the

present article since it deals with the physiological studies

described in our January number.—The Editor.]

HAVING thus considered the physiological basis of our

problem we shall now undertake to describe the ap-

paratus by means of which oxygen can be furnished to

pilots or passengers at high altitudes. These include indi-

vidual inhalation apparatus and closed cabins with the con-

tained atmosphere at a constant pressure.

RESPIRATORY APPARATUS FOR INHALING OXYGEN.

Great improvements have been made in respiratory appara-

tus since the time of Paul Bert. Rubber balloons have been

replaced by steel tubes containing oxygen at a pressure of

150 atm. It was when upon Mont Blanc that I conceived the

idea of providing these tubes with decompressors for the

purpose of regulating the flow of oxygen per liter and per

minute. Thanks to apparatus of this kind, Messrs. Jacques

Balsan and Louis Godard were able in 1900 in a free balloon

to reach the altitude of 8,600 m. (28,200 ft.), the same alti-

tude at which Croce-Spinelli and Sivel, 25 years earlier, had

perished from suffocation in spite of their supply of oxygen.

Balsan commenced the oxygen inhalations at a height of

4,000 m. (13,100 ft.) ; nevertheless he told me that it be-

came hard for him to work by the time he had reached 6,000 m.

(19,680 ft.) ; he was suffering pain and was no longer able

to place the mouth of the pipe connected with the oxygen tube

in his mouth ; Godard quickly handed him the pipe and in a

couple of minutes he felt better ; then Godard, in his turn,

began to find it impossible to act.

It is absolutely necessary that upon reaching a given alti-

tude the inhalations of oxygen should continue without in-

terruption, consequently, these pipettes at the end of tubes

•Translated for the Scientific American Monthly from Le Qenie

Civil (Paris), March 20, 1920.

connected with the oxygen supply are scarcely practical since

they must be held in one hand which is a difficult thing to do
during the maneuvering of the balloon. For this reason they

were replaced by masks covering the mouth and nose of the

aeronaut in such a manner as to enable him to breathe the

oxygen automatically, starting at a height of about 3,000 m.

(9,840 ft.) so as to prevent an attack of illness. Provided

with these masks Messrs Bienaime, Jacques Schneider and
Senoucque reached a height of 10,108 m. (33,163 ft.), this

being the French record, while two Germans, Messrs. Berson

and Suhring achieved the world altitude of 10,800 m.

(35,433 ft.) in 1911.

During the war the French Technical Aeronautical Service

perfected the decompressor of these apparatus, whose flow is

now regulated by the height of the atmosphere : The percent-

age of oxygen automatically increases as the aviator ascends

and diminishes in the same proportion as he descends. The
flow is controlled by a barometric chamber and regulated in

function of a decrease of temperature proportionate to the

altitude in accordance with the law formulated by Radau.

In 1919 Casale, provided with such an automatic apparatus,

reached a height of 9,500 m. (31,170 ft.) in full possession of

all his mental and physical powers. This is the world record

in a homologated aeroplane ; the American aviator, Major

Schroeder is stated to have reached a height of 11,000 m.

(36,020 ft.) with a barometer, which was verified but not offi-

cially homologated.

Dr. Schroetter of Vienna informs us that his handwriting

became almost illegible at a height of 6,000 m. (19,680 ft.),

but became normal after a few respirations of oxygen, and a

sphygmographic record, taken in a balloon, at 7,500 m. (24,600

ft.) height was absolutely normal, thanks to the oxygen which

had been breathed beginning at a height of 5,000 m. (16,400 ft.),

whereas, a record of the pulse beat taken at a given altitude

(without oxygen) always exhibits marked peculiarities.

Thus we see that hitherto not more than five or six men

can boast of having exceeded an altitude of 10,000 in. (32,800

ft.) i.e., of having penetrated the stratosphere: three French-

men, one American and two Germans. The last mentioned

reached a height of 10.S0O m. (35,433 ft.), but in an actually

paralyzed condition, incapable of sufficient energy to make the

slightest motion. It took all their energy to conquer an

almost invincible sleepiness in spite of the oxygen they

breathed. As soon as they ceased taking oxygen for a few
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minutes the palpitation of the heart increased and they com-

menced to stagger.

It would seem, therefore, that 11,000 m. (36,000 ft.) is the

final limit at which life is still possible, even by means of

artificial inhalations of oxygen. This agrees with the results

obtained in the pneumatic bell jars of laboratories which show
that at a decrease of pressure corresponding to 12,000 m.

(39,370 ft.) of altitude, the tension of the oxygen in the lungs

falls so low that the tissues are unable to make use of it. The
pressure is so low in fact that it seems that the blood is no

longer able to absorb sufficient oxygen and asphyxiation en-

sues. Why was it that inhalations of oxygen failed to save the

life of Dr. Jacottet upon Mont Blanc? The oxygen apparatus

was not as perfect at that time as today, but it is possible too,

that an insufficient supply of oxygen gradually produces, be-

cause of incomplete oxidation, toxins which are difficult to

eliminate and which, therefore, produce a sort of intoxication.

But is it possible to ascend still higher, in other words, to

render respiration possible at a height greater than 11,000

meters? The Italian School of Physiology believes that

it is. According to Professor Mosso of Turin, the well-known

author of the work L'homme stir les Alpes (Man in the Alps),

carbon dioxide escapes from the blood in such abundance at

high altitudes as to result in impoverishing the bodily supply

of this gas, thus occasioning an interference with the proper

functioning of the nerve centers which regulate the heart and

PIG. 1. SECTION THROUGH OXYGEN DECOMPRESSOR
AND THE BAROMETRIC GOVERNOR

respiratory organs. This phenomenon has been termed by

Mosso acapnia; this theory differs from that of Paul Bert,

according to whom it is anoxyhemia, the lack of oxygen which

causes the said disturbances.

Believing the theory of Mosso to be correct, Professor

Agazotti was able to subject himself, thanks to a mixture con-

sisting of 13 per cent of carbon dioxide and 67 per cent of

oxygen, to a pressure of 122 m. in a pneumatic bell jar—

a

pressure corresponding to an altitude of 14,850 m. (48,720 ft).

Monkeys placed in the same conditions were able to support a

decompression as low as 100 mm. (3.937 in.), corresponding

to a height of 16,000 m. (52,490 ft.).

Carbon dioxide, like nitrogen, is of no value for respiration

;

it does nothing but dilute the oxygen which is the only gas

required to support life; but it has been found that carbon

dioxide has the property, as yet unexplained, of considerably

increasing the pressure of oxygen in the blood. Since the ex-

pansive power of carbon dioxide is 2% times as great as that

of oxygen, it is possible that the pressure of the oxygen in

the lungs may be increased by the presence of the carbon

dioxide. This appears to agree with observations made in the

laboratory, which prove that when the air is very greatly

rarefied the blood retains a portion of the carbon dioxide

produced by the respiration in order to facilitate the absorp-

tion of rarefied oxygen. It is possible, therefore, as has just

been pointed out by Dr. Garsaux that both the French theory

and the Italian theory are quite correct, one being valid at a

height of about 8,000 m. (26,250 ft.) and the other at a

greater altitude.

In my opinion the results obtained by these laboratory ex-

periments are absolutely conclusive with respect to flights

at high altitudes, and I believe that it is not impossible that

still greater altitudes can be attained than those hitherto re-

corded by means of mixures of these two gases. Without going

so far as that our military aviators were able to operate during

the war, as a matter of current practice, at altitudes of from
5,000 to 7,000 m. (16,400 to 22,960 ft.) and it was necessary

to provide them regularly with respiratory apparatus consist-

ing of an oxygen flask with a decompressor controlled by a

"barometric capsule." The details of such an apparatus are

shown in Fig. 1.

The oxygen reservoir contains a little more than 2 liters

of water or 350 liters of gas at a pressure of 175 kg.

;

when necessary several of these are installed parallel to the

decompressor. The latter is mounted upon the neck of the

reservoir and comprises two chambers : The chamber C form-

ing the decompressor properly so-called, and the chamber C,
known as the barometric controller.

The decompressor is made of aluminum and is divided into

two chambers ; the lower one d is the expansion chamber and
contains a system of levers I which by means of a needle valve

p open and close the inlet orifice of the gases at high pressure.

A safety valve s is connected with it. The higher one d'

contains a spring regulating the pressure and controlled by

the band of the cap h. The membrane m is composed of

rubber cloth, armed with a central washer of copper and guided

by a rod. The gas arrives by way of the coupling k and the

valve p, the latter being controlled by the levers I, and then

traverses the compartment d and passes into the respiratory

masks of the pilot, observer, etc., by means of the coupling fc',

which may have several branches.

The barometric chamber is likewise divided into two compart-

ments e and e' : the top one communicating with the outside

by means of the holes t is subject to the depression due to the

altitude, while the lower one e, which is entirely closed, takes

and maintains the pressure at the level of the ground, thanks

to an equilibrium flap-valve s'. The copper disk m' is subject,

therefore, to the difference of pressure, and thanks to the

annular rubber band & is displaced by the action of the spring

r in proportion as the pressure of the atmosphere diminishes;

this movement, amplified by the system of levers I' bears upon

the valve p' which regulates the flow. Hence the latter in-

creases automatically with the altitude.

From the coupling fc' the gas reached the mask worn by the

aviator by means of a flexible tube ; the mask consists of a

small aluminum cap whose contours follow the shape of the

nose and mouth. At the bottom there is an orifice which

serves to allow normal respiration and for the evacuation of

condensed water vapor. The edge of the mask is inserted

into a hollow rubber rim, so as to fit closely to the face. The

oxygen enters through a perforated tube which diffuses the

gas upon each side of the nostril.

The oxygen flasks must be placed as far as possible from

the gasoline tanks. The installation is completed by a "flow-

controller," a small drum placed in a glass sided box under

the eye of the aviator, and inserted in the system of pipes

between the expander and the mask: the rotation of pallets,

under the effect of the gaseous current, assures the aviator

that the apparatus is functioning properly.

STUDY OF A CLOSED CABIN, AT CONSTANT PEESSUEE, EOE AEEIAL

VOYAGES AT HIGH ALTITUDES.

Because a few bold aeronauts, provided with respiratory

apparatus have been able to attain high altitudes, and because

during the war courageous military aviators were able to as-

cend into these regions in order to be above their adversary,

are we justified in concluding that the same thing could be

done by passengers in general? By no means! 1 All these

"record men" were men trained to sport or else young pilots

1This is also the conclusion stated in a communication with

Dr. Garsaux, based upon his decompression experiments in the pneu-

matic caisson of the technical section of Agronaratics at St. Cyr. Vide

a note in L'Aerophile (Paris), June 1 and 15, 1919.
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selected after severe tests to which passengers could hardly

be subjected. Even aside from the rarefaction of the air

there is another danger at high altitudes, namely, sudden

variations of pressure, but it might well happen that among
the passengers there would be present those suffering from

against the rarefaction of the air, but also against sudden
variations in temperature. There would be no special difficulty

in heating and ventilating such a cabin.

Such a cabin would be far easier to construct than a sub-

marine, since its walls would not have to support such a

PIG. 2. LONGITUDINAL, SECTION OP THE BREGUET LEVIATHAN, TYPE 20, PROVIDED WITH A COMPRESSOR FOR PLIGHT
AT HIGH ALTITUDES

A, propeller shaft ; B, Br^guet-Bugatti motor ; C, clutch ; D, radiator ; E, oil reservoir ; F, gasoline tank ; Or, turbo-compressor ; H, lower
wing ; I, passenger cabin ; J, controls ; K, radio station ; L, airtight partition ; N, rudder ; 0, fixed lateral planes of rudder ; S, elevator

;

T, skid.

maladies or weakness of the heart and arteries, to whom great

variations of pressure might be fatal. Without wishing to

discourage passengers who wish to make use of this new
mode of transport, it is the duty of the physician not only to

second the progress of science but also to draw attention to

possible accidents in order that they may be avoided.

The solution which naturally occurs to the mind is to en-

tirely remove, not only the passengers but likewise the pilot

and even the motors from the pernicious effects of the at-

mospheric depression, by enclosing them all in an air-tight

cabin, a sort of huge collective diving suit. This idea has

already been elaborated in every detail as we shall show a

little further on.

It is interesting from a historical point of view to recall that

even fifty years ago various projects were proposed for en-

abling mankind to navigate the air in balloons at very high

altitudes. In 1871 Louis Tridon presented before the French
Society of Aeronautic Navigation a project for a closed car2

composed of solid portions and flexible portions. The solid

portions comprised two platforms, a "ceiling" and a "floor"

made of willow ; the upper platform acting as a maneuvering

car. When at a high altitude the aeronaut was supposed to

descend by a manhole into the lower car which contained flasks

of oxygen and cloths saturated in lime water to absorb the

carbon dioxide produced by respiration.

In 1900 M. Andrieux presented before the same society a

plan for an aerial diving suit 3 designed to enable the wearer

to reach the loftiest regions of the atmosphere without danger.

This so-called diving suit consists of a costume of impermeable

cloth. A special system of tubes supplied by an oxygen tank

is supposed to maintain around the aeronaut a sufficient

pressure to cause the proper circulation of air and ensure

good respiration.

Since that time mankind has succeeded by means of such

apparatus, of diving bells, diving suits, and submarines, in

living within a medium which provides no means of respiration

in itself. In an analogous manner the airplane or the dirigible

might comprise a closed cabin, in which the atmospheric pres-

sure at the ground level could be kept constant by means of

a pump drawing in air from the outside, within which would

be contained an indefinite amount of oxygen, which would
merely have to be compressed. This same pump would also

furnish the necessary supplement of air to the motor, since

the motor like the man needs more air at high altitudes. For

this purpose M. Reatau advises the use of a turbine driven by

the exhaust gases of the motors, which is a very rational idea.

In this manner the passengers would not only be protected

2See Scientific American Monthly, Jan., 1920, p. 50.
3Ibid.

heavy pressure. The difference of pressure between the in-

ternal and external air would not exceed one-half atmosphere

at the loftiest altitudes, while submarines often have to with-

stand pressures of three or four atmospheres. Furthermore,

a breach in the walls would be by no means so dangerous

as such a breach in the hull of a submarine : It would always

be possible to remedy it temporarily by means of the com-

pression pump, while descending to a lower altitude.

Figs. 2 to 4 show sections of the plan devised by the well-

known airplane builder, Louis Breguet, for an aerobus for

use at high altitudes. The caption of Fig. 2 sufficiently ex-

plains the general arrangement. We may add a few re-

marks concerning certain features of the construction and

method of functioning.

This biplane, which has been named the Leviathan, weighs

about 2,500 kg. empty, or about 1,500 kg. for the motor part

and only 1,000 kg. for the plane itself. It has a spread of 26

meters, a length of 14 meters and a surface of 140 square

PIG. 3. ENLARGED VIEW OF THE BOW OF THE BREGUET
BIPLANE

meters. It is built entirely of metal having a broadly calcu-

lated solidity and an exceptional lightness not hitherto at-

tained.

In order to withstand an accident to the motor without

fear of forced landing, the motor power of 950 hp. has been di-

vided among four eight-cylinder motors. 4 These motors, grouped

"This group was exhibited at the last Salon de VAironautic, where

it attracted much attention ; it Tvas reproduced ifi, Le Ginie Civil for

January 10, 1920, ,p. 31.
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in a space big enough to be called a room, drive the same
propeller. When a motor has an accident it is immediately
thrown out of gear automatically and the biplane continues to

fly by means of the three other motors. Thanks to the large

dimensions of the "machine room" the mechanician can move
about at ease having ready access to all parts of the motors,

and thus is able in most cases to repair the damage, which
is usually due to some trifling cause such as sticking of the

spark plugs, the breaking of an axle rod or valve spring,

the stopping up of a pipe, etc. Thus such a biplane can be

repaired while flying, like a dirigible. Even with two motors

not working, the flight of the avion would merely be somewhat
slightly in a descending direction.

Furthermore, the single central fuselage enables the pilot

to enjoy the advantage of excellent aerodynamic properties

and ease of manipulation : the central propeller does away
with the swerving so dangerous for the pilot, which occur

in planes having multiple propellers when a side propeller

stops suddenly.

The accompanying diagram (Fig. 5) indicates the possi-

bilities in the Leviathan's progress, the variations in its radius

of action and its "ceiling" in function of the loads carried

and the amount of fuel taken along. Here we may read for

example that if we fix upon a ceiling of 6,000 m. (19,680 ft.)

we can transport a total load of 3,200 kg. (7,055 lbs.). If to

this load we add 2,000 kg. (4,409 lbs.) of fuel we read upon
the upper scale opposite the vertical line at the point b the

possible distance of transport 3,100 km. (1,926 miles) and upon

Q
the lower scale the value 0.35 of the ratio — of the weight

P
of fuel carried to the total weight at the starting point. The
latter 5,700 kg. (12,566 lb.) is read upon the vertical scale at

the right at the side of the scale of total loads. These run in

practice up to five tons: with a single ton the ceiling is 9,000

m. (29,530 ft.; even with five tons it is still 3,500 m.

(11,480 ft.).

According to the proportion in which the total load is di-

vided between the fuel and the useful weight, i.e., passengers,

cargoes, or bombs, we shall have an avion carrying a limited

useful load to a great distance, or a much larger useful load

to a much shorter distance. If, for example, the distance to

be covered is but 1,000 km. (620 miles) as from Paris to

Madrid, with a ceiling of 4,500 m. (14,760 ft.) the plane could

FIG. 4. SECTION SHOWING THE PILOT'S HOOD

carry a total load of 4,200 kg. (9,260 lb.), 800 kg. (1,760 lbs.)

of fuel would be a sufficient supply which would leave a use-

ful load of 3,400 kg. (7,500 lb.) (or 27 passengers, each with an
allowance of 40 kg. (88 lb.) of baggage) ; the voyage could be
made in five hours and a half.

If, on the contrary, a long cruise was in question, for which
the minimum ceiling would be put at 3,000 m. (9,840 ft.), 5.2

metric tons (5.73 short tons) of total load could be carried.

Such a load might comprise, for example, the following items

:

1 metric ton 'of useful weight (five men in the crew, instru-

ments, supplies) and there would remain 4,200 kg. (9,260 lb.)

for the possible fuel weight; this would allow a voyage of

5,000 km. (3,100 miles) in a calm in 28 hours of flight, at

180 km. (112 miles) per hour, or with a steady head wind of

30 km. (19 miles) per hour we would still be able to travel more
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FIG. 5. CHART OF CAPACITY AND RANGE OF THE
BRiEGUET BIPLANE

The scale of the abscissae x represents the ratio Q/P, i.e. the weight
of the fuel consumed divided by the total weight at the start.

than 4,000 km. (2,4S0 miles), in other words the distance

which separates Paris from Lake Tchad, from Dakar, or from
the American continent (Newfoundland).

In seeking the practical limit of the maximum distance

which it is possible to cover, we find that a crew of three men
consisting of two pilots and a mechanician plus the necessary

provisions (about 500 kg. or 1,100 lb.) would be able to carry

4,700 kg. (10,360 lb.) of gasoline and fly for 38 hours at 170

km. (106 miles) per hour, thus covering a distance in a calm

of 6,500 km. (4,039 miles) or more than the distance which

divides Paris from New York, from the French Congo, or from
Lake Victoria.

It is extremely probable, therefore, that within a few years

at most we shall be traveling over the invisible roads of the

stratosphere at velocities of more than 300 km. per hour.

A FOG ELIMINATOR FOR MOTION PICTURE STUDIOS.

Everyone who has ever seen a typical London fog of the

"pea soup" variety knows very well that its murky yellow ob-

scurity not only makes traffic impossible in the streets, but

inevitably invades houses in spite of artificial light. It is

impossible to take clear studio pictures in such an atmos-

phere. Formerly there was nothing to do but to stop the

work of the cameras until the air cleared up. It is now re-

ported, however, that a well-known motion picture firm, the

Famous Players-Lasky British Producers, Ltd., has found a

method of obviating this difficulty in its London studios,

situated at Islington.

The fog eliminator is described as being composed of a

series of high and low pressure coils installed at points of

vantage around the big stages. One side of the building car-

ries a series of high pressure coils along the entire length of

the stage. On the opposite side a little higher up on the

wall, is a series of low pressure coils. The roof contains

other high pressure coils and a large exhaust fan.

On entering the studio the fog encounters the high pressure

coils and is thrown up to the ceiling, where it is taken in

charge by the other high pressure coils and the exhaust fan,

and is quickly dissolved, or at any rate eliminated as a fac-

tor in interfering with the cameras.

Experiments conducted several weeks ago by the studio

staff have demonstrated the complete success of this method

of treating even the heaviest of London fogs; even when it is

not possible to disperse the fog entirely, its heavy blanket

can be lifted to a height of 15 or 16 feet above the floor of

the stage, thus enabling the directors to go on working.
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A FOG consists of drops of liquid sus-

pended in a gas, usually air, while

a smoke is composed of solid par-

ticles. Fogs are formed outdoors when moist

air is cooled beyond the saturation or dew-
point, but not enough to precipitate in large

drops as rain. Fogs are more frequent at

the sea-shore than inland because the air

above the ocean is more nearly saturated as

a rule than on the land and consequently

fog forms readily when the temperature
drops. A striking case of this is the fog

which comes rolling in from the sea at San
Francisco on summer afternoons. We speak
of the sun burning off the fog; but that is

purely figurative. What happens is that the

drops of water evaporate. They will start to do this normally

as soon as the temperature rises above the dew-point. Under
special conditions we may get what are known as dry fogs,

for dense fogs have been noticed around London when the air

was only about half-saturated. This is probably due to films

of oil from coal smoke which coat the drops of water and re-

tard the evaporation.

Everybody is familiar with the fact that the steam issuing

from the spout of a tea-kettle condenses at least temporarily

to fog and one of the laboratory methods of producing fog

is to let a jet of steam emerge into a cooler atmosphere. The
condensation of water vapor from the breath on cold days

is another case of the same sort and shows that the important

thing is not the initial temperature of the steam jet. Many
people think that the water in a kettle is boiling when they

see the steam from the nozzle condensing to fog; but this

is not always the case. It is not necessary, however, to lift

the lid in order to tell whether the water is boiling. If the

fog rises vertically, the water is simmering. When the water

boils, there is more pressure and the fog forms a curved line.

By taking special precautions it is possible .in the laboratory

to cool water somewhat below the freezing-point without any

ice being formed. This is more difficult the larger the scale,

but it occurs on Mt. Washington at times when a southerly

wind brings up a drifting fog. When the temperature of the

air and of the ground is below freezing, this fog deposits

feathery crystals of ice on every surface that obstructs its

passage, forming what are known as frost feathers. A round

post will have an almost uniform crop of crystals on its wind-

ward half, pointing so accurately to windward that it is pos-

sible to trace changes in the direction of the wind from the

successive layers of crystals lying at different angles. The

rate of growth varies with the density of fog and the speed

of the wind. A rough average is half an inch per hour and

two inches per hour seems to be a maximum value. The

phenomenon is what one would expect from liquid particles

cooled below the freezing-point.

These supercooled fogs are quite different from the so-

called ice storms which occur once or more every winter and

which sometimes do so much damage to trees. In the ice

storms the moisture deposits as liquid water on the branches
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when the temperature is below freezing and
a warm rain or mist comes down from above
without getting chilled to the freezing-point

before it strikes the trees.

While fog is due to the production of

very small drops, rain is due to the forma-
tion of larger drops which fall with per-

ceptible speed. There is no absolute divid-

ing line between the two because most peo-

ple would classify as rain what a Scotchman
might call a mist. According to the Weather
Bureau, rain appears to begin when the

drops reach a diameter of 0.04 millimeter.

The maximum rate of fall of these drops is

very small. Larger drops fall faster. Ac-
cording to Lenard, drops of about 1.3 milli-

meter have a final velocity of 4.8 meters per

second, those with a diameter of about 3.5

millimeters reach a velocity of 7.4 meters

per second, while drops from 4.5 to 6.5 milli-

meters show a practically constant rate of

about 8 meters per second. This limiting

value is due to the drops becoming deformed, so that they be-

come flattened out, instead of retaining the shape of spheres.

They, therefore, offer an increased resistance to the air through
which they fall. In consequence of this deformation large

drops break up rapidly in the air into smaller drops. Lenard
found that drops of 4 millimeters diameter were stable under
all conditions, but that drops of 5.5 millimeters diameter and
over could not exist for more than a few seconds after at-

taining their final velocity relatively to the air. This is in

harmony with the results of other observers. Wiesner con-

cluded that natural rain drops cannot have a diameter larger

than 7.2 millimeters, while Bitter found that the largest drops

of natural rain did not exceed 6.6 millimeters diameter. An
independent confirmation is found in Bentley's experiments on

the size and frequency of drops during rains in northern Ver-

mont. He found that over 60 per cent of the rain drops were
between 0.8 and 3.5 millimeters in diameter and he observed

none larger than five millimeters or about two-tenths of an

inch.

The fact that large drops break up into smaller ones after

they reach a certain speed has been used by an Englishman

in India named Simpson as the basis for what is at present

the most generally accepted theory of thunderstorms. Simp-

son assumes that in thunderstorms we have a rapidly ascend-

ing current of air which spreads out above a certain height

and consequently slows up. Large rain drops will fall through

this air curent until they reach a point where they are broken

into smaller drops and are then carried to the upper and

colder levels where they grow again and repeat the cycle.

When the drops break up they become charged positively while

the negative ions are carried up more rapidly by the air and

are finally caught by cloud particles at some higher level.

On this hypothesis positively charged rain should fall in bursts

in the center of the thunderstorm while negatively charged

rain should fall in the lulls and on the outskirts of the

thunderstorm. This actually happens. Simpson satisfied him-

self that the electricity generated by the breaking up of the

falling drops might easily account for the gradient of 30,000

volts/cm necessary for lightning. Unfortunately Simpson does

not discuss the question as to the minimum size of thunder-

storms. It would be of great assistance to the study of mete-

and twigs, freezing there to solid ice. These storms occur orology if we could have a synthetic and dwarfed thunder-
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storm in the laboratory by starting with a vertical blower and
a watering-pot.

The optical properties of suspended drops of water are very

interesting, the best known case of this being the rainbow.

When direct sunlight falls upon a transparent sphere, such

as a rain drop, some of the light is reflected from the surface

and some of it passes into the drops where it is split into its

constitutent colors by refraction. After one or more reflections

at the internal surface of the drop, the colored light passes

out again. Under most conditions this light is divergent sooner

or later and consequently is soon spread over such an area

as to be practically imperceptible. At certain angles the light

leaves the drop as a practically parallel beam, and it is these

nearly parallel rays which give rise to the single and double

rainbow. Since the rainbow appears along the circumference

of a circle whose center is on the straight line connecting the

sun with the eye of the observer, no two persons really see

the same rainbow. One man sees the light from one set of

drops and another sees that from a different set. For a simi-

lar reason the rainbow that one sees reflected in the water is

not, strictly speaking, the same rainbow that one sees by
looking at the sky, though in these cases the substitute is

exactly as good as the original. When the rainbow is double,

the inner and brighter one is due to light that enters the

upper half of the drops and comes out from the lower after

one internal reflection, while the outer and fainter rainbow

is due to light which enters the lower portions of the drops and
comes out from the upper portions after two internal re-

flections. The double reflection reverses the colors so that

the red is on the inside and the violet on the outside, instead

of the other way round as in the primary rainbow.

When the sun shines on fog or mist, a fog-bow is often

seen which may be four times as broad as the ordinary rain-

bow, but which is not so bright in color. The size of the bow
depends on the size of the drops, the diameter of the bow
being less with very small drops than with large ones. The
cloud effect known as the Specter of the Brocken is so-called

because it is often observed on the mountain of that name in

Germany. It is seen when the sun casts a giant shadow of the

observer on a fog bank across the valley, the fog-bow forming

a circle of glory round the specter's head. Similar but more
brilliant glories are observed when an aeronaut in a balloon

sees his shadow projected upon the top of a cloud, these glories

being more perfect than those seen on the mountains because

the drops in the upper portions of the clouds are apt to be

more uniform in size.

Most people are familiar with the colored corona surround-

ing a bright object when seen through spectacles covered with

fine drops of moisture. The colors are due to diffraction by
the spherules of water. Under suitable circumstances we may
see coronas surrounding the sun and such circles may be

seen around the sun on almost any day of the year if we view

the sun from some poorly-reflecting surface like water in order

to eliminate the blinding glare of the sunlight. In order to

have the formation of a well-defined corona, it is necessary

that the drops should be exclusively or chiefly of one size. By
measurement of coronas it is possible to infer the size of the

drops which give rise to them because the corona is larger

the smaller the drops. This method has been used to de-

termine the diameters of the drops of water forming clouds.

A cloud is a mass of dense fog. Since the sunlight is scat-

tered from the surface, the cloud normally appears white. If,

however, the clouds are illuminated chiefly by the red and
yellow rays from the setting sun, all sorts of colors may be

observed. The upper part of a tall cumulus is often a deli-

cate pink, while the lower portion is ashy gray ; and below that

the blue and green sky tints may be visible. A decided pink

or straw-colored yellow is often seen when looking at the

dazzling white on the sunny side of a cumulus cloud. Ap-

parently the surface particles of the cloud are being evapo-

rated in the sunshine, and the adjacent layer of air is super-

saturated with moisture at a relatively high
.
temperature

;

possibly minute particles of water are present and modify
the orange and pink tints that are spread in spots over the

cloud. The tints are seen only when cumuli are sending up
great thunderheads like explosions of steam boilers.

Still another color phenomenon is associated with the under
sides of cumulus clouds, as in approaching thunderstorms,

when the landscape beyond the cloud is brilliantly lighted by
the sunshine ; in such cases the observer may see patches of

yellow or green on the lower side of the cloud, being light

from the bright landscape beyond, reflected by the big drops.

As an intermediate stop between fog and smoke we have
the precipitation of water vapor in solid form as snow, sleet

or hail. When the dew point is decidedly below freezing,

water vapor condenses directly to crystals of ice, ice needles,

or snow flakes. When supercooled rain drops strike solid

substances they cover these with a coating of transparent ice.

When snow crystals and supercooled rain drops come in con-

tact we get sleet and sleet changes* to hail when the super-

cooled drops precipitate in the form of sheaths of ice. In

order that hail stones should grow to any appreciables size,

they must be carried up and down a number of times. Even
in midsummer the temperature six kilometers above the

earth's surface will be at least —26° C. and may easily be

—40°C. The reason that we get hail chiefly in summer is be-

cause then we have the hot air at the earth's surface giving

a sharp temperature gradient and therefore a rapid upward
sweep. The warm air may contain a great deal of water

vapor which permits the formation of a large formation of

ice. In winter the vertical temperature gradient is less and

also the amount of water vapor in the air. Consequently, we
get no real hail, especially far from the sea.

There is no especial difficulty in forming a fairly good pic-

tue of the way a hailstorm is formed. The structure of the

hailstone gives us some clues. Round a cloudy opaque center,

something like sleet, there are transparent shells of ice ar-

ranged more or less like the coating of an onion. These are

often full of air bubbles and appear partly white. Trabert

has pointed out that a hailstone seems to contain three kinds

of ice ; the center of frozen snow ; the concentric sheaths of

ice ; and occasionally clear, even crystalline, ice on the outside,

though in very many cases this last form cannot be detected.

What takes place in the hailstone from the inside to the

outside takes place also in the clouds from above to below.

In the uppermost portions of the clouds we have snow crys-

tals and supercooled drops ; in the lowest portions only the

ordinary mist at a temperature not much above the freezing-

point. The upper region furnishes the center of the hailstone

;

the middle one the concentric sheaths of ice ; and the third the

material of the more or less crystalline deposits gradually

formed on the hailstone. In fact, the hailstones often reach

the earth while their temperature is far below the freezing-

point.

Hailstones can only form if they are supported during for-

mation by strong ascending currents. Further, the structure

of a hailstone indicates that it is often carried up and down

past the zero isothermal. Now, a current of air sufficiently

strong just to support a hailstone as big as a pea would be

more than sufficient to carry up the water it condenses within

itself; hence, hailstones would always have a greater down-

ward velocity relative to the ascending current than the water

in the current and there would be a large amount of splashing

between the two. There would be, consequently, a much

greater amount of separation of electricity than would have

taken place without the hailstones, and this might very well

account for the great violence of the electrical discharges in

hail storms.

Unless subjected to special treatment, the air always con-

tains dust. The air of large cities invariably shows hundreds

of thousands of dust-motes per cubic centimeter, that of the

village or town thousands, and that of the open country at

least hundreds. The dust may be soil from the fields and

roads, particles of animal or plant origin, including pollen,



76 SCIENTIFIC AMERICAN MONTHLY July, 1920

products of combustion, salt from the spray of the ocean, vol-

canic dust, or cosmic dust. The dust from the eruption of

Krakatoa was shot high into the air and was carried entirely

round the world, falling on the decks of ships and on various

parts of the earth. Owing to the enormous distances to which
volcanic dust may be carried, it is necessary to have some
definite test before we can say that a given sample of dust

is really cosmic dust coming from meteors which have burned

up in passing through the earth's atmosphere. This matter

has been studied by Hartley and Ramage, who collected nu-

merous samples of dust in the neighborhood of Dublin and ex-

amined them spectroscopically as well as other samples fur-

nished by friends.

The astonishing thing about the results was the number
of different elements found in the dusts from different sources.

In flue dusts from chemical plants, copper smelters and iron

furnaces, it was not surprising that lead, silver, copper, nickel

and manganese should be present in relatively large pro-

portions ; but nobody was prepared to find rubidium, gallium,

indium and thallium in all samples. The nature of soot from
different sources is characterized by the small proportion in

most specimens of iron and of metals precipitated from hydro-

oxides ; its large proportion of lime and the greater variability

in the proportions of its different constituents distinguishes

it from other kinds of dust collected from the clouds or in the

open air. It was unexpected when nickel, calcium, manganese,

copper, and silver were found to be constant constituents of

soot from different chimneys. It is interesting to note that in

Dublin there is more lead, copper and silver in the soot from

a laundry chimney than from a bedroom chimney.

The principal characteristics of dust which has fallen direct-

ly from the clouds or has been collected by hail, snow, sleet, or

rain is its regularity in composition—each specimen appears

to contain the same proportion of iron, nickel, calcium, cop-

per, potassium, and sodium. There is a very considerable

difference between the dust from sleet, snow, and hail sud-

dently precipitated, the difference being in the proportion of

lead, which, in the dust from sleet, is much larger than in

the other specimens, though dust from hail and one quantity

collected from rain contains more than is found in any other

specimen with such an origin.

Hartley and Ramage believed that dust which fell on the

night of November 16, 1897, might have been of cosmic

origin but the evidence is not very convincing. This dust

fell for the most part on a perfectly calm, fine night and

there was no rain for twenty-four hours or more afterward.

Since then no one has apparently been interested in detecting

the fall of cosmic dust in his own back-yard.

In 1884 the problem of precipitating smoke electrically was
studied by Sir Oliver Lodge, who has recently been lecturing

in this country on psychic research. Lodge found that with

a potential difference of several thousand volts, alernating

current, and a brush discharge, the smoke agglomerated and

settled rapidly, but neither he nor anybody else has really

worked out the theory of the action. The process is too slow

to be useful with the large masses of rapidly moving smoke

as it comes from a stack and it was only through the much
later work of Cottrell, now Director of the Bureau of Mines,

that the electrical precipitation of suspended particles has

been put on a commercial basis. Cottrell made use of a high

tension direct current.

If a needle point is connected to one side of a high-potential

direct-current line opposite to a flat plate connected to the

other side of the line, the air space between becomes highly

charged with electricity of the same sign as the needle point

irrespective of whether this is positive or negative, and any

insulated body brought into this space instantly receives a

charge of the same sign. If this body is free to move, as in

the case of a floating particle, it will be attracted to the plate

or opposite charge and will move at a rate proportional to

its charge and the potential between the point and the plate.

Even if there are no suspended particles the gas molecules

themselves undergo this same process, as is evidenced by a
strong wind from the point to the plate even in perfectly trans-

parent gases. The old familiar experiment of blowing out a
candle flame by presenting it to such a charge point is simply
another illustration of the same phenomena.
The procedure used to get direct current consisted in trans-

forming the alternating current from an ordinary lighting or

power circuit up to some 20,000 or 30,000 volts and then

commutating this high potential current into an intermittent

direct current by means of a special rotary contact maker by
a synchronous motor. This direct current is applied to a

system of electrodes in the flue carrying the gases to be

treated. While any smooth conducting surface worked well

for the plate electrodes, it was difficult to find anything suit-

able for the point electrodes when working on a commercial

scale.

The clue to the solution of this difficulty came from an al-

most accidental observation. Working one evening in the

twilight when the efficiency of the different points could be

judged roughly by the pale luminous discharge from them, it

was noticed that under the particular conditions employed

at the time, this glow only became appreciable when the points

had approached the plates almost to within the distance for

disruptive discharge, while at the same time a piece of cot-

ton-covered magnet wire which carried the current from the

transformer and commutator to the discharge electrodes, al-

though widely separated from any conductor of opposite polar-

ity, showed a beautiful uniform purple glow along its whole

length. The explanation lay in the fact that every loose fiber

of the cotton insulation, although a relatively poor conductor

compared to a metallic point, was still sufficiently conductive

from its natural hygroscopic moisture to act as a discharge

point for this high potential current and its fineness and sharp-

ness, of course, far exceeded that of the sharpest needle of

thinnest metallic wire. Acting on this suggestion it was
found that a piece of this cotton-covered wire, when used as

a discharge electrode, at ordinary temperatures, proved far

more effective in precipitating the sulphuric acid mists, which

were then the object of study, than any system of metallic

points which it had been possible to construe. Perhaps the

greatest advantage thus gained lay in the less accurate spac-

ing demanded between the electrodes of opposite polarity in

order to secure a reasonably uniform discharge.

In practice of course a more durable material than cotton

was demanded for the hot acid gases to be treated, and this

has been found in asbestos or mica, the fine filaments of the

one and the scales of the other supplying the discharge points

of edges of the excessive fineness required. These materials

are twisted up with wires or otherwise fastened to suitable

metallic supports to form the discharge electrodes in such wise

that the current has to pass only a short distance by surface

leakage over them, the slight deposit of moisture or acid fume,

naturally settling on them, serving to effect the conduction.

If the condition of the gases does not supply such coating

sufficiently, a special treatment of the material before being

placed in the flue is resorted to.

The Cottrell process has proved a great success commercially

and new applications are continually being developed. It has

been used to remove sulphuric acid, arsenic, cement dust, zinc

oxide, etc. It has not, however, solved the problem of the

smelters so far as the farmer is concerned, because it removes

liquids and solids only and does not take out the gaseous

sulphur dioxide to which the farmer also objects.

The removal of dust from the air is an important matter

in some industries. In photographic work, dust particles in

the film mean clear spots on the negative and black ones on

the positive. In the manufacture of gas mantles, contamina-

tion by dust may cause pinholes in the product. Dust and

soot in the air may be a very serious matter in the ventilating

of electrical generators because 65,000 cubic feet of air may

pass through a moderately large generator per minute or

about 94,000,000 cubic feet per day. There are a number of
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firms which make apparatus for washing and cooling air.

All of them remove the dust by spraying drops of water
through the air instead of bubbling air through the water, this

latter method not being effective. Everybody knows how ef-

fectively a rain clears the air and it is this principle which
is employed commercially.

When dust is blown about by the wind, it becomes electri-

fied. In South Africa at Bloemfontein at an elevation of

4,500 feet, the normal fine weather charge of the air is posi-

tive and seldom exceeds a maximum value of 200 volts per

meter. During a dust storm the sign of the charge changes

and the value may exceed 500 volts per meter. A so-called

dust devil or whirlwind which carries a column of fine sand

up two or three hundred feet in the air will affect an instru-

ment two miles away, reversing the charge. This is because

the sand particles are charged positively. In England a

cloud of dust increases the positive charge in the air instead

of decreasing it. This is because the dust in England is

usually calcareous and acquires a negative charge. It is also

known that red lead acquires a positive charge when blown

into the air and sulphur a negative one.

I am indebted to Dr. Reid Hunt for information in regard

to another difference between siliceous and calcareous dusts.

The flint particles in South Africa are not rounded and the

sharp edges of the dust wound the lungs and permit the

tuberculosis bacteria to enter, whereas there is not the same
danger in the case of calcareous dusts. If dried rhubarb is

ground up, the calcium oxalate forms a dust composed of

needles and is exceedingly irritating to the lungs.

The blue of the sky is due chiefly, if not entirely, to the

blue light scattered by fine drops or fine particles suspended

in the air. Tobacco smoke is reddish by transmitted light and
bluish by scattered light when the particles are fine enough.

If it were not for dust-motes there would be a different and
less brilliant twilight. The bending or refraction of light, as

the sun's rays pass obliquely from the ether, at sunrise, or at

sunset, into the optically denser medium of the air, displaces

the apparent position of the sun, elevating it by an amount
about equal to its apparent diameter, so that one may still

see it and receive its light directly when geometrically it is

entirely below the horizon. A little later in the evening and

its rays fall upon the upper air too obliquely to be bent down
to the earth by refraction, but darkness does not yet ensile,

for the rays are scattered by the dust-motes and sent down-

ward from particle to particle, resulting in a soft, shimmering

light that almost imperceptibly fades away, and which in

higher latitudes, because of the obliqueness there of the

sun's path to the horizon, may last for hours.

An observer inside of a bank of fog usually reports that

the sky is cloudy and of a gray tint, since this is about the

character of the light that penetrates the bank of fog, un-

less it be a very light fog or haze, or he be near the surface.

There is quite a distinction between the tints seen inside a

wet fog or cloud and those seen inside a dry fog or haze,

such as is always associated with the harmattan on the west

coast of Africa. In the latter case the sky has a chalky-white

tint and the air is very dry. We attribute the whitish tint

not to any moisture, but to the presence of innumerable frag-

ments of microscopic diatoms or siliceous shells. The whitish

color of the haze must be attributed to the reflection of light

from their surfaces. A similar whte haze occurs in air that

is full of grains of pollen, or fine crystals of snow, or almost

any other kind of small particles.

At the Krakatoa eruption on August 27, 1883, an immense

volume of dust and aqueous vapor was thrown to a great

height in the atmosphere above the Straits of Sunda. The
antitrades spread this over the Northern Hemisphere, and

winds higher up in the tropics carried it westward round

the world, forming a layer of minute particles miles above

the earth's surface. After sunset, and by virtue of the dif-

fusion of red light by this layer of particles, the whole west-

ern sky, even to near the zenith, glared with a lurid red as

though lighted up from some great and distant fire. These
remarkable sunsets continued, slowly diminishing in brilliance,

through the years 1884 and 1885 in temperate latitudes, while

their northern limit advanced slowly toward the pole, show-
ing that minute particles of solid matter may float for years

in the high upper atmosphere, so long as slowly rising cur-

rents buoy them up.

The tails of comets seem to consist almost entirely of col-

loidal particles. The great comet of 1882 was invisible against

the solar disk, a position which corresponds to attempted ob-

servation of colloidal particles in the ordinary microscope

against a luminous background. It became visible again after

passing beyond the sun's disk, a position corresponding to suc-

cessful observation of the same colloidal particles in the ul-

tramicroscope against a dark background, the eye of the ob-

server being protected from the source of illumination. The
streaming of the tail of a comet away from the sun may be

due to the ionization of the colloidal particles, and their con-

sequent electrical repulsion, it may be a thermal effect, • or it

may be due to the pressure of light as was pointed out by
Maxwell.

In the very clear air of Egypt the contrast between lights

and shadows is very marked because the shadows are illumi-

nated but slightly by diffracted light and are therefore darker

than in countries where there is more dust or moisture. If

the photographer is to get any detail in the shadows, he must
expose a negative about twice as long as one would in north-

ern latitudes under equally favorable conditions. A slight

haze increases the brightness of the sky very much.

What we call haze is due entirely to dust, for water vapor

does not give rise to haze, though the effect of dust is more
marked the greater the amount of water vapor in the air.

Aitken has estimated that 12 to 22 billion particles of atmos-

pheric dust in a column of air having a cross-section of one

square centimeter are required to produce a complete haze,

that is, to make a distant object invisible. This does not mean
that we cannot see the distant object, the mountain for in-

stance; it means that we don't see it, which may be a very

different thing. When in a trolley car at night in a dimly

lighted city, one sees almost nothing outside, because the light

coming through the window is masked practically completely

by the light reflected from the glass which therefore acts

chiefly as a mirror. If the power goes off, as happens oc-

casionally in many places, no light is reflected from the glass,

which ceases to be a mirror and becomes a window again. It

is then possible to see objects outside quite distinctly. Up to

a certain amount of haze our view of the distant object is

interfered with chiefly by the light scattered by the haze. If

we could eliminate that, we ought to see the mountain dis-

tinctly. Most of the light scattered by the haze is polarized

and we can therefore eliminate it by the proper use of a

Nicol prism.

Many years ago it was shown by Tyndall that the whole

effect of light on fog and haze may change in a remarkable

way if one varies the ratio between polarized and unpolar-

ized light. When using a Nicol prism a mountain may be

seen clearly even though it is almost invisible to the naked

eye. The light of the sky is polarized and may be quenched in

great part by a Nicol prism while the light from a cloud is

not polarized and therefore cannot be extinguished. A cloud

may therefore appear to the naked eye dark against a bright

sky and may yet appear as a white cloud on a dark ground

if the light from the sky is quenched by means of a Nicol

prism.

Although this work was done by a distinguished Englishman

whose name is known to all scientific men, I have been told

that neither the British navy officials nor our own had made

any study before the war of these methods of overcoming

certain cases of low visibility. The light reflected from the

surface of the sea at a slight angle is polarized pretty com-

pletely, whereas the light reflected from a vessel is not. Dur-

ing the war people therefore learned to use a Nicol prism or a
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form of interferometer to enable them to detect periscopes and

camouflaged ships. The aviators were much bothered by haze

in taking photographs, but they got round the difficulty in

another way. Since most of the light scattered by the haze

is of relatively short wave-length, they used a color screen

which cut out this light and were enabled to take much
better photographs.

If smoke particles are concentrated enough to form a cloud

which moves along, they will tend to carry with them the

gases inside the cloud because the mingling with the air takes

place relatively slowly by diffusion. At the eruption of Mont
Pelee when St. Pierre was destroyed, the descending cloud

carried down with it large amounts of heated steam. The
mean density of the water vapor and the solid particles was
greater than that of air and the cloud sank as a whole. In

the war the French always mixed some form of smoke with

their gas clouds. That had several advantages. It enabled

the observers to see what the gunners were doing, it increased

the apparent density of the cloud, and it. caused the cloud to

hold together better than it would have otherwise. It is only

fair to say, however, that there are no satisfactory data to

show how real these last two advantages are ; but one would
expect them to be of less importance in gas warfare where the

amount of smoke is small than in the case of a volcanic

eruption where the total amount of solid matter in the cloud

is relatively high. On the other hand a smoke cloud may hold

together pretty well for a mile or two, which it could hardly

do if the air in the cloud did not move with it to a great

extent.

It has been shown that it is possible to adjust a toy balloon

so that it will sink in pure air and will rise in air to which

smoke has been added. This is another form of the same
problem whether a beaker weighs more in case a fly, which is

heavier than air, hovers in the beaker without touching it.

So long as the fly is there, the fly and the air constitute a

medium which is denser than air and consequently the down-

ward thrust is greater when the fly is there than when it is

not. If anybody doubts this, let him consider the case where a

glass plate is laid over the mouth of the beaker imprisoning

the hovering fly. Disturbing factors, such as change of tem-

perature due to the fly, are supposed to be eliminated.

THE USE AND VALUE OF PHYSICAL AND CHEMICAL
CONSTANTS.

By Hugh K. Mooee.
Manager of the Research Laboratory, The Brown Company, Berlin,

N. H., and Representative of the National Research Council

on the Board of Trustees for the American
Publication of Critical Tables of Physical

and Chemical Contents.

[At a meeting of the Interallied Chemical Conference held

in London, July 14-17, 1919, there was formed an International

Union of Pure and Applied Chemistry which recommended

that in the United States an American Publication Committee

should be created charged with the general organisation and

prosecution of the printing in the United States of critical

tables of physical and chemical constants.

At the meeting of the International Research Council held

in Brussels July 22, 1919, the International Union of Pure

and Applied Chemistry became the Chemical Section of the

International Research Council. The original recommendation

in regard to the publication of the tables of physical and

chemical constants was confirmed both by the Chemical Section

and the Physical Section of the International Research Council.

The work of arranging for this publication has been under-

taken by the National Research Council in cooperation ivith

the American Chemical Society and the American Physical

Society. The present arrangements for this publication have

been put into the hands of three trustees, namely, Mr. Hugh
K. Moore, Chairman, appointed by the National Research

Council; Dr. Edward P. Hyde, appointed by the American

Physical Society; and Dr. Julius Stieglitz, appointed by the

American Chemical Society. At the request of the Editorial

Committee of this Department, Dr. Moore has written th&

following orief paper on the use and value of chemical and
physical constants and the desirability of the American pub-

lication of critical tables of them.—Editoes.]

The value to industry of physical and chemical constants

and their accessibility in an American publication cannot

be overemphasized. They make available in the most compact

form and with the least expenditure of time a survey of the

present scientific and technical knowledge in any given field

in so far as this knowledge can be expressed in figures. Their

importance and the importance of their ready accessibility

was most conspicuously revealed during the war. Practically

the only tables of physical and chemical constants available

during the war were in German publications. So insistent was
the need in the work of the various scientific bureaus of the

Army and Navy and of the Council of National Defense and

the National Research Council for these tables that the col-

leges and universities and industrial laboratories of the coun-

try were combed for copies of Landolt and Bornstein's

Tabellen (which is the principal German publication). Their

use, however, was limited to men who could read German, and

in many instances these tables were found to be seriously in-

accurate. In addition, not one-third of the constants now
called for by the industries are to be found in these Tabellen

and not even one-half of the constants asked for by industrial

concerns are to be found published anywhere. It is an extraor-

dinary thing that a country, so advanced in science as

America fondly believes itself to be, should have been depend-

ent, as far as certain important scientific information goes,

on the publications of an enemy country in its own language.

Now that the military struggle between America and Ger-

many has ended, the great industrial war after the war is in

full swing, and the accurate determination and accessibility

of physical and chemical constants is no less important to

American industry on a peace-time basis than it was on the

war-time basis. Unless we have scientific literature in the

English language so that the information contained therein

may be accessible to the great number of Americans who do

not understand German, the United States will fall way be-

hind in the industrial competition which is now under way.

The early publication, therefore, in America of accurately

worked out critical tables of physical and chemical constants

is a crying need.

The use of physical and chemical constants enters into the

every-day life of the whole nation. For example, the con-

stants of milk vary within certain limits and by means of the

variations in these constants it can be readily determined

whether the farmer's greatest producer is the cow or the

pump. The determination of the value of sugar is made by an

instrument known as the polariscope; the change in a beam

of light passed through a sugar solution as determined by the

polariscope bears a direct relation to the sugar contents of

the solution. When we consider the immense quantities of

sugar used in the United States it becomes evident that a

slight error in the constants of the polariscope may cost the

sugar refiners millions of dollars annually. This expense is, of

course, finally borne by the consumer of sugar. As far back

as the time of Grant's administration the German banks set

up laboratories to determine some of the constants of the

effect of sugar on polarized light and loaned money for the

purchasing of sugar on the basis of these determinations. .

It is not generally known that copper forms with carbon

monoxide a volatile liquid similar in character to nickel car-

bonyl. No tables of constants which I know mention this fact,

let alone giving the properties of such a compound. Lack of

data on this subject has caused the loss of millions of dollars

to the copper smelters through flue gases, which loss is passed

on to the public.

The lack of figures on the cubical expansion of liquids may
cause great expense in addition to being the direct cause of

many seiious accidents. I give one example. One of the

larsre industrial concerns of the country received orders for
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its produce to be shipped in tank cars, and but for the fact

that the company had for its manager one of the most brilliant

scientists of the country a great loss might have resulted from
immediately complying with this order, and this first loss

might have been the cause of still other tremendous losses.

The manager held up all shipments until he could determine

in his own laboratory the coefficient of cubical expansion of

the liquid. It was found to be ten times that of water. Had
the tank cars been filled to the same volume as one would
have filled them had the liquid been water the tank cars would
have burst open and the contents run out. Had the liquid

caught fire from the sparks from the engine a great confla-

gration might have resulted. Similarly had these cars been

filled with certain liquids which were shipped during the war
in large quantities and had such an accident occurred in cer-

tain places with a high wind blowing whole communities might
have been gassed.

The lack of knowledge of the tensile strength .of alloys at

various temperatures might cause great damage with serious

loss of life. For example, it was proposed by one large in-

dustrial concern to use a certain alloy in making tanks to be

used at high pressure and high temperature. This alloy had
the required tensile strength at ordinary temperature and was
remarkable for its acid-resisting quality. But at the temper-

ature under which it was proposed to operate, the tensile

strength would have been so reduced that one dislikes to think

of the probable fatal results which would have ensued had
the experiment been tried. The steam boiler is possible be-

cause the tensile strength of steel is greater at the operating

temperature than at ordinary temperature. The writer nearly

lost his life by not knowing the tensile strength of steel at 100°

below zero.

The two disastrous collapses of the Quebec bridge were due

to depending on data obtained within too narrow limits. In the

construction of high buildings one of the fundamental con-

stants involved is that of the effect of wind pressure and if

this is not taken into consideration in the construction of the

building there is danger of collapse under a high wind.

The knowledge of the linear expansion of metals is of fun-

damental importance. For example, the writer knows of a

case where a big railroad bridge was constructed at great

height above the underlying ground. When the temperature

sank to 50° below zero the bridge contracted so that it rested

only on two inches of the abutment. It was only by good

luck that a serious accident did not occur. The lack of pre-

cise knowledge cost the railroad a great deal of money. One
may recall that in the building of the famous Eads bridge

across the Mississippi River at St. Louis the bridge was finally

keyed in place by putting the keystone of the arch in a freez-

ing mixture so as to shrink it to fit While cold in order that as

it became heated again to the natural temperature it would
expand and lock the structure in place.

Because of the lack of knowledge of the temperatures at

which certain solids evaporate immense volumes have been

lost in smelting furnaces and cement works. It is well known
that if one strokes a cat and then touches a surrounding

object one gets a spark from the finger. Also if one scuffs

along a floor and touches a radiator the same result occurs.

This is called static electricity, and by a knowledge of the

constants of static electricity it is now possible to create it

in the flue gases of cement kilns and thus recover potash of

immense value to agriculturists.

Radiant heat is that kind of heat which passes from one

body to another without heating the intervening atmosphere.

There is no visible indication of such passage of heat. For

instance, the heat received from the sun does not heat the air

through which it passes but the heat striking the earth is

absorbed and given out in sensible form. The constants in

relation to radiant heat are of the greatest importance to our

fundamental industries, such as steel, copper smelting, etc.

For example, the writer knows of a case where the knowledge

of these constants, with the determination of correlated con-

stants turned one mill from a losing proposition into probably

the most successful mill in its kind of work in the world.

In the manufacture of the electric light bulb one of the

most important facts that must be known is the coefficient of

the expansion of glass and of the filaments passing ,through
the glass. If these vary too much the filaments will crack the

glass so that the electric light bulb will become useless. The
glass and the filaments should have practically the same co-

efficient of expansion.

In the construction of aircraft the balloons of the lighter-

than-air dirigibles have up to the present time been filled

with inflammable gases. During the war such aircraft could

be set on fire and destroyed by shooting at them with inflam-

mable bullets. America began to make use just at the end of

the war of helium gas which is non-combustible and non-re-

active. Helium occurs in natural gas but to separate it

successfully from the natural gas it is not only necessary to

know the specific heat, boiling point, specific gravity and crit-

ical temperature of helium but also of all the other gases with

which it is mixed. Helium occurs also in the air and can be
obtained by liquefaction of the air and fractional distillation.

I once contracted with a refrigerating concern to have it

construct such machinery as would produce a temperature of

100° below zero. The gas which this refrigerating concern

used was carbonic acid gas, familiarly known in ordinary soda

water. The refrigerating plant proved a failure because the

manufacturers did not know that carbonic acid gas at low tem-

perature changes in part to a snow-like solid at 56° below
zero while the balance remains as a gas exerting a pressure of

20 pounds to the square inch. The partial solidification of

the carbonic acid gas made the plant a failure.

In connection with a certain problem it was necessary for

me to know the constants of a gas called ethane. In looking

up the literature of the subject it was found that neither the

specific heat of ethane nor its rate of expansion was known,

and the critical temperature of ethane was not correct as

given. These all had to be determined before the problem

could be solved.

The determination of the flow of rivers in connection with

the development of water power is of fundamental importance

to the hydraulic and electrical engineers. In some cases a

river can be weired while in others, owing to the configura-

tion of the ground, this cannot be done. In a certain case it

was impossihle to weir a river of very large volume at the

point where it was desired to know the flow. Fortunately a

railroad bridge crossed the river above the point. The engi-

neer in charge placed on the bridge several tanks of salt

brine, the contents of which were allowed to run into the

river at a uniform rate of speed. The river passed through

a gorge which acted as a very efficient mixer. By analyzing

the river for salt below this gorge the volume of the river

could be calculated. This analysis could not be done on the

spot as it was a long and tedious job but it was thought that,

if the electrical resistance due to this small quantity of salt

could be determined, volt-meters could be installed by which

the volume of the river could be determined. It was found

however that the necessary constants were unknown and they

had to be determined before the operation could be carried out.

With the increase of the population of the country and a

shortage of animal fats it has been found necessary to make
up the shortage by the production of such vegetable fats as

cotton-seed and peanut oil. By uniting these oils with one of

the constituents of water a synthetic lard can be made. This

synthetic fat industry now runs into the millions of pounds

and millions of dollars annually. The synthesis is effected by

means of a catalyst. Consequently the knowledge of the con-

stants of the catalyst is of fundamental importance. The

working of a catalyst is not popularly understood. I remem-

ber that when I was in school our teacher gave us the fol-

lowing definition of the effect of a catalyst: "A catalyst is

something," said the teacher, "which causes a reaction to

take place without the catalyst taking any part in the reac-
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tion. The following illustration will help you understand this

:

Suppose there is a boy with a nickel and an Italian with some
peanuts. The attraction between the boy and the nickel is

greater than that between the Italian and the nickel. Pretty

soon another boy comes along with a girl on whom the first

boy would like to make an impression. So the first boy now
produces the nickel and buys the peanuts for the girl. Thus
a new combination has been effected. The nickel is now com-

bined with the Italian instead of with the boy. The girl is

the catalyst but she has taken no part in the combination."

A knowledge of the constants of light are of fundamental

importance to our industries. The lengths of light waves
vary materially. Some of these waves are too long to be seen

by the eye and some are too short to be seen but they have
effects just the same. Some are of such length that they fun-

damentally effect the disposition of human beings and animals.

For example, in one mill it was found that the labor in one

department was very restless and turbulent. It seemed to

make no difference from what other department this labor

came ; the laborers became difficult as soon as they entered

this particular department. More than that, these laborers

continued to be turbulent citizens even outside of the mill.

Something in this department seemed to be having a par-

ticularly bad effect upon them. A scientific man who was
asked to investigate the matter discovered that there were too

many red rays in the light which came into this department of

the mill. When this situation was understood he changed

the light, eliminating many of the red rays, and the department
• became as peaceable as any other one in the mill.

The duplication of research work all over the country is

costing the manufacturers great sums of money. For exam-
ple, it was recently found that three separate manufacturers
had given the same problem to three different persons at the

Massachusetts Institute of Technology. Investigations were
conducted by each of these persons without any knowledge of

the work of the others. If this is possible in connection with

one problem in one institution imagine what may be the du-

plication of effort and unnecessary expense throughout the

country at large. The National Research Council hopes by the

compilation and publication of the critical tables of physical

and chemical constants to save a large part of this unneces-

sary repetition of work and outlay of money. With these

physical and chemical constants at hand in every industrial

laboratory the probable result of certain contemplated pro-

cedures can be determined without involving a large expense

and experimenting at haphazard with possible failure as a

result.

There seems to be nothing just now more important and

vital to the industries of the United States and hence to the

welfare of the country as a whole than the accessibility of

tables of accurately determined physical and chemical con-

stants. It is a very large undertaking and will require large

financial support but it is an undertaking which is immensely

worth while and which will return many times its cost.

ResearchWork of the United States Bureau of Standards

Notes Specially Prepared for the SCIENTIFIC AMERICAN MONTHLY

CALIBRATION OF BAROGRAPHS USED IN AIRPLANE
ALTITUDE MEASUREMENTS.

The altitudes reached by an airplane are recorded by means

of an aneroid barometer, the diaphragm of which is con-

nected to a pen point which in turn traces a line upon a paper

chart which is caused to revolve at a definite rate by clock-

work. Recording barometers have been used for many years

for various kinds of work with satisfactory results, but when
employed for recording very high altitudes, such as those now
reached by airplanes, certain difficulties arise owing to the

character of the instrument.

An aneroid barometer is likewise a thermometer, that is,

expansion and contraction of the diaphragm are caused by

changes of temperature as well as by changes of atmospheric

pressure. Ordinarily such instruments are calibrated to give

a correct atmospheric pressure reading at a standard tem-

perature and when required to indicate pressure at any other

temperature a correction factor must be employed. The dif-

ference between the instrument's reading and the true atmos-

pheric pressure is quite large when extreme temperature varia-

tions occur. When an airplane reaches a high altitude—say

in the neighborhood of 30,000 feet—the average temperature

of the air is approximately 35° below zero centigrade, and,

as just now stated, this necessarily results in quite a large

inaccuracy in the pressure reading of the instrument.

Recently there has been a great deal of interest shown in

various high altitude flights, each one endeavoring to establish

a new record for altitude reached by heavier-than-air ma-

chines. After the completion of one of these flights, it is

hardly safe for the pilot to announce that he has broken the

record, if he bases this assertion on the actual reading of his

pressure recording instrument. Some correction must neces-

sarily be applied and even if a correction has been previously

used for the instrument, it will generally be necessary to

re-calibrate it under the peculiar conditions of the special

flight in question, particularly if the altitude reached must
be known to within a few feet.

The Bureau of Standards has devoted considerable study

to the accurate calibration of barographs and has adopted a

system which gives a correction more accurate than can be

obtained by other means. The system employed by the

Bureau consists in placing the recording barometer and ther-

mometer used on the plane in a small chamber so constructed

that the pressure within it can be reduced to the lowest point

desired, while at the same time the temperature may likewise

be reduced. As the temperatures encountered at high alti-

tudes, as just now mentioned, are extremely low, it is neces-

sary to employ special refrigerating machinery using carbon

dioxide as the refrigerant to produce the cold within the

chamber. The production of the vacuum offers no particular

difficulties and can be easily provided for by the use of ordi-

nary apparatus.

The method of carrying out the calibration run is very

simple and consists in causing the pens of the two instru-

ments to follow the curves which they traced during the actual

flight. Therefore, if, we will say, the pen on the barograph

indicates a height of 30,000 feet at a certain point on the

chart, it is possible to read by means of a standard barometer

exactly what the true pressure is at that instant in the

chamber. In this way, the variation of the observed from

the true reading at any desired point may be obtained and a

curve plotted showing the behavior of the instrument through-

out the entire range reached during the flight.

These flight-history tests, as the Bureau calls them, are of

great importance, since they furnish the only accurate means

of calibrating a barograph and also serve to indicate with con-

siderable accuracy how the instrument will behave under

future similar conditions. Quite recently the two 34,000 feet

barographs which were used by Major Schroeder in his flight

of February 27, have been subjected to a flight-history test



.li i.-,. 1920 SCIENTIFIC AMERICAN MONTHLY 81

ai t lie Bureau. Quite a difference between the observed and
true altitudes have been discovered sis ;i result of this work.

STUDY OF POWER FACTOR IN POLYPHASE SYSTEMS.

Alternating current distribution systems for light and

power are now extremely common, and any improvement in

the present methods of properly figuring the cost for such

electrical distribution is of great importance. There is a

marked difference in the cost to the producing company of

supplying loads of different character. Thus, the expense

involved in supplying electrical energy to loads in which there

is a displacement in phase between current and voltage as is

often the ease with induction motors, or where there is a

lack of balance between the loads of the several phases of a

3-phase system, as when such a system supplies the power for

a single-phase electric railway, is considerably greater than

the cost of supplying a balanced non-reactive load of the same
power. For this reason, it is customary for electric power
companies to insert penalty clauses in large power contracts,

the object of which is to increase the charge for power taken

under the above mentioned adverse conditions. The quality of

the load, as regards these conditions, is usually expressed as

a numerical factor called the "power factor'' which indicates

the ratio of the actual power supplied to that which could be

supplied at the same cost to the producing company under

certain assumed ideal conditions.

Unfortunately, a number of different quantitative defini-

tions of "power factor" are now in use by different engineers

and as a result considerable confusion hits arisen as to the

proper interpretation in electric power contracts. A joint

committee has heen appointed by the American Institute of

Electrical Engineers and the National Electric Light Society

to study the question and to suggest a satisfactory definition

which could be adopted as standard.

At the invitation of the committee, a detailed mathematical

study of the more theoretical side of the question has been

made by a member of the Bureau's staff and a paper giving

the results of this study has been prepared for presentation at

the June convention of the above named society.

This paper points out the type of definition which most

logically fits a number of different cases and shows the essen-

tially conflicting character of some of the requirements which

should be satisfied by a single definition. It is suggested that

the definition of an additional quantity called "balanced fac-

tor" will enable these requirements to be met in a much
more satisfactory manner.

COMPARATIVE TESTS • OF NORMALLY AND FINELY
GROUND CEMENT.

The data obtained from tests on a normally ground and a

finely ground cement of the same brand have been computed

and a report issued. These two cements were tested in

1 :1% :2, 1 :2 A, and 1 :3 :6 concretes of two consistencies, as

well as in a neat mix, and in a 1:3 standard sand mortar.

The following results and conclusions were obtained

:

1. The strengths of concrete made of the fine cement were

regularly and consistently greater than those made with the

normal cement so far as the tests have been completed.

2. The percentage increases in strength of the fine cement

concretes over the normal cement concretes for different

periods were

:

2 days 7 days 28 days 3 months 6 months
Minimum 90 50 30 21 1-t

Average 121 66 -56 41 42

It should be noted that the difference in fineness between

the two cements was 12% and to obtain the per cent increase

in strength for each per cent increase in fineness, the figures

in the above table showing the increase should be divided by

12. The normally ground cement had 86% passing the 200-

mesh sieve as compared with 98% for the finely ground

material.

::. These percentage increases were highest at the earliest
ages and the leanest mixes.

4. The strength increases in lb. per sq. in. of fine over nor-
mal cement concrete were greater in the mixes containing the
greater proportions of cement.

5. If the two cements had been used on a job. the following
approximate mix proportions could have been used to give
the same strength at 28 days, if consistencies and aggregates
were the same:

Using Normal
Cement

1 :3Vo

1 :4%
1 :6

Approximate Saving
Using Fine in Bags of Cement
Cement per Cubic Yard

1 :5 2.1

1 -'6 1.5

1:8 12
(Proportions were one part of cement to sum of volumes of
sand and gravel measured separately.)

<!. When used in 1:3 mortar, the' fine cement produced a
more marked percentage iucrei.se than when used in the con-
cretes. The percentage increases in the neat mixture, how-
ever, were of the same order as in the concretes. Thus in
the cases of cements tested, the results of the work on neat
cements gave a better indication of their value in concrete
than tests in a 1 :3 Ottawa sand mortar.

7. In most cases, the tine cement required no more water
than the normal cement to produce a given consistencv, when
the aggregates and mix Mere the same.

8. It was found that when the special cement was tested
for fineness on the 200-mesh sieve, the lumps of very fine ma-
terial were not broken up under the sieving action and would
not pass through the meshes, but when this cement was tested
by the air analyzer these lumps were broken up and the re-
sults thus secured gave a true indication of the fineness of
the cement. It is, therefore, recommended that the air ana-
lyzer be used in determining the fineness of very fine cement
whenever possible, but that if this cannot be done care should
be taken to prevent this balling on the 200-mesh sieve if the
determination is made in the usual manner.

REFBACTOBY CRUCIBLES.
DuEiNG the past month, the making of crucibles from highly

refractory oxides and minerals has been investigated. It has
been found possible to make such crucibles without the use
of clay or binder which would tend to reduce the refractori-
ness of the finished product. One method is to make the cru-
cible with the use of water by tapping the plastic mass inside
of a fire clay mold lined with plaster-of-paris. When the
mold and crucible are fired to a red heat, the plaster-of-paris
disintegrates and permits the crucible, which is then fairly
strong, to be removed from the mold. The crucible is then
fired to a high temperature in order to give it the necessary
density and strength. The other method is to mix linseed
oil with a refractory oxide and then to shape the crucible
inside a detachable metal shell: the crucible is then baked
in the shell in a core oven, a similar process to that em-
ployed in the baking of cores for castings. After the baking,
the shell is removed and the crucible fired to a. high tempera-
ture which results in a burning out of the temporary carbona-
ceous binder and sintering of the refractory oxides, thus
forming a dense, strong, and highly refractory crucible. Work-
ing in this way, crucibles have been produced from titanium
dioxide, zirconium dioxide, and carborundum fire sand. The
investigation is being continued.

INVESTIGATION OF COMPOSITION AND PBEPABATION
OF A SUCEOSE-INYEBT SUGAR SYRUP.

A new investigation on the standardization, composition,
and preparation of a sucrose-invert sugar syrup of maximum
concentration has been brought to completion and the manu-
script is in course of preparation.
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One of the large branches of the sugar industry is the manu-
facture of syrups for direct consumption. If the syrup con-

sists only of sucrose, the saturated solution may contain only

68.7 per cent of the sugar. Such a solution is too thin for a

desirable product and is susceptible to fermentation. If con-

centrated to a denser consistency, it becomes supersaturated

and deposits sugar crystals. If, however, the sucrose is

partially inverted, the density may be considerably increased,

but if the inversion is carried too far, the relatively low solu-

bility of dextrose limits the density to which the syrup may
be concentrated.

A study was made of the mutual solubilities of the three

constituent sugars, namely, sucrose, dextrose, and levulose

in the presence of each other. Equal proportions of dextrose

and levulose in solution constitute "invert sugar" which is

formed by the inversion of sucrose. The solubility of sucrose

in varying proportions of invert sugar was determined to very

high concentrations of the latter. Similarly, the solubility of

sucrose in the presence of dextrose, and of dextrose in the

presence of sucrose, and finally of dextrose in the presence of

levulose were measured. AVith the exception of some measure-

ments on the solubility of sucrose in the presence of invert

sugar, no determinations of these solubilities have previously

been recorded.

The results of this investigation have shown the maximum
concentration which invert sugar may have without deposit-

ing crystals of dextrose, and similarly the maximum concen-
tration which a mixture of sucrose and invert sugar may have
without depositing either sucrose or dextrose. The syrup
which contains 33.7 per cent of sucrose and 44.S per cent of

invert sugar, or a content with respect to total sugar of 7S.5

per cent, has this maximum concentration. In general, it is

practicable to increase this concentration even . to a slight

supersaturation without danger. Such a solution is suffi-

ciently dense for a good syrup and resists the growth of micro-

organisms.

A number of methods of inverting sugar have been devised.

The Bureau adds the suggestion that the partial inversion

can be accomplished by the aid of an extremely dilute hydro-

chloric acid and subsequent neutralization with sodium car-

bonate. The net result is the addition of a minute quantity

of common salt. Data are provided for controlling the method.

Notes on Science in America
Abstracts of Current Literature

Prepared by Edward Gleason Spaulding, Professor of Philosophy, Princeton University

CALIFORNIA EARTHQUAKES DURING 1919

In the Bulletin of the Seismological Society o+' America,

for March, 1920, is an article by Mr. Andrew H. Palmer,

Meteorologist of the U. S. Weather Bureau, on California

Earthquakes during 1919. The substance of Mr. Palmer's

article is as follows

:

Since July 1, 1914, the U. S. Weather Bureau has kept a

record of all earthquakes which have occurred in the United

States. Seismographs are now maintained by the Bureau

at Washington, D. O, Chicago, 111., and Northfield, Vt. In

the collection of earthquake data the Bureau also has the

cooperation of every other seismographic station in North

America. Records of earthquakes strong enough to be felt

by persons are also gathered. It is believed that few, if any,

earthquakes of sensible intensity occur without being reported

by one or more of the 4,500 correspondents who are distributed

throughout the United States. The seismological work of the

Bureau is in charge of Professor William J. Humphreys, and

the data are published in the Monthly Weather Review, an

official government publication.

In California, about 350 correspondents have volunteered to

cooperate in the collection of reports of earthquakes strong

enough to be felt by persons.

A total of 101 separate anrl distinct earthquakes strong

enough to be felt by persons occurred in California during the

year 1919. The monthly distribution of these shocks was as

follows :
•

In Jan., 5 ; Feb., 21 ; Mar., 9 ; Apr., 2 ; May, 5 ; June, 4 ; July,

4 ; Aug., 6 ; Sept., 19 ; Oct., IS ; Nov., 2 ; and in Dec, 6.

The disturbances were most frequent along the coast and in

the Imperial Valley. They were least frequent in the Sacra-

mento-San Joaquin Valley and in the Sierra Nevada Moun-

tains. Southern California experienced far more shocks than

northern California. Calexico, in the Imperial Valley, on the

Mexican border, had forty-two earthquakes during the year.

On the other hand, San Jacinto, where the most severe earth-

quake in recent years in California occurred on April 21, 1918,

did not report a single seismic disturbance during 1919. Of

the larger California cities, the number of earthquakes ex-

perienced during 1919 was as follows: San Francisco, 4; Los

Angeles, 2; San Diego, 2; Fresno, 1; Santa Barbara, 3; Oak-

land, 2 ; Berkeley, 3 : San Jose, 1 ; Eureka, 10 ; Bakersfield, 2

;

Redlands, 1 ; Riverside, 1 ; and San Bernardino, 1. None were
felt at Sacramento or Stockton. At Lone Pine, a recognized

epicenter, five earthquakes occurred. At Spreckels, another
region recently active, but one was felt.

But sixteen of the 1919 earthquakes were sufficiently wide-

spread to be felt at two or more adjacent stations. The other

eighty-five were so light and local that they were felt at one

station only.

The strongest and most widely felt earthquake of 1919 in

California occurred on the morning of February 16th. It was
felt throughout the region extending from Fresno to Los
Angeles, and was most intense in the Kern County oil fields.

This shock caused the only material damage done by a Cali-

fornia earthquake during the year. A pipe leading to a 55,000

barrel oil tank in Kern County was broken, and the petroleum

escaped. About 52,000 barrels of oil was lost. The oil was
thrown so high into the air that it splashed over half the

top of an adjoining tank, thirty feet distant. A stone build-

ing at Taft was cracked by the same tremor, and the pumps
in an oil pumping station near McKittrick were stopped.

One cannot consider the California earthquake records of

the past five years without discovering a constancy from year

to year in the kind, number, intensity, and distribution of

shocks. The inevitable conclusion appears to be that the dis-

turbances are more or less normal to the present state of the

earth's crust. In fact, these slight but constantly recurring

tremors may well be regarded as a safety valve in efficient

operation.

EFFECTS OF ANAESTHETICS ON PLANTS.
An account of the effects of anaesthetics on plant life and

of the discoveries as to the nature of plant processes which

such effects reveal, as found by Sir Jagadis Chandra Bose, is

given in American Forestry for April.

Sir Jagadis discovered that it was possible to transplant

l ices without injuring them if the operation were performed

while they were subject to the effects of an anaesthetic. A
tree so treated sheds its leaves after transplanting in the

summer instead of in the autumn, but it very soon recovers

itself and becomes normal.
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The most intense activity of life was often imperceptible,

junl it was only by making the unseen visible that the mys-

tery of growth and movements of life would become revealed.

Sir Jagadis showed that by the crescograph the highest pow-
ers of the microscope were magnified 10,000 times. No ex-

perimental conditions for exhibition of growth could have
been more difficult than in the depth of English winter, when
plants were in their period of hibernation. In spite of this

they were made to shake off their torpor, and the rate of

growth was exhibited by the indicating spot of light rushing

across a ten-foot scale in the course of twelve seconds, the

actual rate being about a hundred-thousandth part of an inch

per second. With the crescograph to guide him, the life-

activity of the plant became subservient to the will of the

experimenter.

A depressing chemical agent was applied and the march
of life was slowed down ; a timely application of a suitable

stimulant revived the dying plant and exalted the growth-

activity to many times the normal rate. The possibility of

modifying the rate of growth was a matter of great practical

importance, for the world's supply of food depends on the

growth of plants. The rule-of-thumb method hitherto em-
ployed in the application of a few chemical stimulants and of

electricity was not found uniformly successful. Researches by
means of the crescograph showed that a very important fac-

tor was the dose of application, any excess above the critical

point bringing about a result diametrically opposite to what
was expected. Thus while a particular intensity of electrical

current accelerated growth an excess of current retarded it.

The same was true of chemical stimulants.

THE PLANETESIMAL HYPOTHESIS IN RELATION TO
THE EARTH.

Professor Reginald A. Daly of Harvard University is the

author of an article in the Scientific Monthly for May, on

The Planetesimal Hypothesis in Relation to the Earth. Pro-

fessor Daly quotes the following summary of this hypothesis

as given by Barren

:

"The volume of a star (the sun) represents a balance be-

tween expansional and condensational forces acting on a vast

body of gaseous nature. On the approach (of another star)

their mutual gravitation would produce tidal forces diminish-

ing their self gravitative power along the line between the

centers and give the expansive forces opportunity to rise to

explosive violence along that line. This tidal force is actually

greatest at the centers and would lead to a very deep-seated

disruption. The gas bolts shot out would, owing to viscous

resistances, be pulsatory, and separated nuclei would therefore

be expelled. These nuclei and the associated dispersed matter
would, on the nearer side, be dragged sideways by the pass-

ing star. On the reverse side the symmetrical tidal protrusions

would be left behind, the sun being dragged more than they.

The result would be a spiral nebula, a form which would
meet the dynamic demands of the existing solar system. . . .

"The building up of the planets is believed to have followed

three stages : first, the direct condensation of the nuclear

knots of the spiral into liquid or solid cores ; second, the less

direct collection of the outer, or orbital and satellitesimal

matter ; third, the still slower gathering up of the planetesi-

mal material scattered over the zone between adjacent plan-

ets. This third factor in Chamberlain's view is regarded as

very important and he believes this diffused matter contrib-

uted much of the earth substance very slowly and in a

dust-like form. This is one of the critical points in the details

of the theory, unessential to the larger framework, but upon
which turns much of the development of the following argu-

ment. In earth-growth the denser planetesimal dust, Cham-
berlain argues, tended to be somewhat segregated into the

primitive ocean basins and served to maintain in them, as

the earth was built outward, a greater density than in the

elevated zones between. . . .

"The earth is conceived as beginning to hold an ocean by

the time it contained 30 or 40 per cent of its present mass. . . .

"The particles of radioactive matter (in the earth) would
tend toward local heating and fusion. Thus they would be
progressively concentrated into the outer shell of the earth
by the rising of igneous matter. Pulsatory stresses from
body tides and from shrinkage are regarded as the chief agents
leading fused matter outward and serving to maintain the

earth's body in solid form."

In comment on this hypothesis, Professor Daly says that it

represents one of the grandest achievements of modern
science. The distribution of masses and momenta the direc-

tions of revolution and rotation, and the constitution of each
member of the system, so far as ascertained, are explained

with such a degree of probability that astronomers are be-

coming more and more impressed by the planetesimal hy-

pothesis.

Professor Daly then goes on to discuss some of the implica-

tions and limitations of the hypothesis, with special reference

to Professor T. C. Chamberlain's recent work on "The Origin

of the Earth." First he finds that neither the mass nor the

temperature nor the dynamics of the original earth-knot or

nucleus are deducible from the root premise of expulsion from
the sun.

Chamberlain appreciates this fact and concludes that the

temperature of the innermost core of the earth must remain
an open question. He also states that the mass of the

planetary nucleus may have been so large and the ingathering

of the planetesimals may have been so rapid, by hypothesis,

that a molten or even a gaseous condition could have arisen. In

the case of the larger planets such a primitive state is quite

within the limits of the probabilities. The case of the earth

is debatable.

Yet, notwithstanding his own unescapable conclusion, Cham-
berlain believes that the earth, with a mass only about one-

third of its present value, was already well crusted, if not

essentially crystalline to the core. He assumes that a water

ocean could then lie on the earth's surface, and that the heat

of self-compression, chemical heat, and heat generated in

radio-activity have never sufficed, since this embryonic stage,

to melt the surface shell of the globe. With these assump-

tions, which are not implicit in his main astronomic hypothesis,

Chamberlain proceeds to picture the juvenile shaping of the

earth.

Professor Daly finds that while the general hypothesis as-

sumes similar origins for all the planets, it does not stand

the test of criticism. For even more surely than the Laplacian

hypothesis, the planetesimal hypothesis demands that all

planets shall have a large proportion of elements with high

atomic weights. If so, the outer planets must have high tem-

peratures, as so long held by astronomers.

If this be the case half of the planets must still be so hot as

to be gaseous, although by hypothesis they are nearly as old

as the earth and are probably composed of material which is

much like the average material of the earth. At this late day

the four outer planets must be losing heat many times faster

than the earth is losing heat through a solid crust and still

they are incomparably hotter than our globe. According to

the planetesimal hypothesis, they are so hot because of their

size. If the common mechanism produced in four full-grown

planets temperatures sufficient for nearly complete volatiliza-

tion of highly refractory substances, temperatures persisting

after more than one hundred million years, is it reasonable

to assume that the mechanism failed to produce the much
lower temperature needed for surface liquefaction of a fifth

planet a hundred millions years ago? Do not these homolo-

gies suggest yet more a gaseous condition for the earth

after it had attained its present mass?

In summary, Professor Daly finds that the planetesimal

hypothesis leaves indeterminate most of the essential factors

affecting the earth's successive temperatures, namely, the

ratio of nuclear mass to planetary mass, the initial tempera-

ture of the earth-knot, the rate of accretion, the heating fac-
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tors, the cooling factors, and the absolute time involved.

Hence the present condition of the other planets ought to have
special attention by any one who attempts to trace the earth's

history down into 'Archean" time.

Discussing the early crust of the earth as a "blanket on
the earth surface" Professor Daly concludes that the general

hypothesis does not necessitate belief in crustification of the

earth until it had attained its present mass.

As regards the earth's rigidity the author finds that the

combination of the facts known about the solar system as

interpreted by the planetesimal hypothesis furnishes a cumu-
lative argument in favor of assuming a molten or even gaseous

state for the earth's surface shell after our globe had grown
to full size. Chamberlain's selection of a strongly contrasted

possibility of his cosmogonic scheme is due in part to overem-

phasis on some elements of the scheme, especially those con-

trasting with essential features of the Laplacian cosmogony.

The author also discusses the relation of the hypothesis

to Igneous Action, to the Generation and Transfer of Heat, to

Subsidence and to Eruption, and to Eruptive Sequence. His
conclusion is that while many facts of igneous geology are

inexplicable on a cosmogonic theory which postulates a gen-

eral solid (crystalline) condition for the earth during most of

its growth this is, however, not a necessary feature of the

planetesimal hypothesis, which, apparently sound itself, points

rather to the probability of a fluid state for the earth both

before and for some time after accretion was completed.

Making the more probable deduction from Chamberlain's cos-

mogenic scheme—an earth once largely fluid from the sur-

face downwards—the facts of geology are better understood.

Among the leading facts are: (1) the density stratification

of our planet, induced by early gravitative differentiation in

gas or liquid; (2) the dominance of gneiss and granite in the

early pre-Cambrian complexes, which represent the rearranged

material of the earth's primitive crust (a surface differentiate

of low density) ; (3) the dominance of basalt in fissure erup-

tions, with other facts indicating the existence of a world-

circling basaltic couche below the crust (the upper layer of

Suess's "Sima")
; (4) the genetic connection between geosyn-

clinal down-warping and mountain-building with igneous erup-

tion; (5) the number, lengths and wide distribution of dikes

of uniform diabasic composition; (6) the subsidence of the

floors beneath major volcanic masses and of the floors be-

neath the greater baccoliths
; (7) certain stress-strain rela-

tions of the earth, since the high rigidity of the earth, for

example, may be partly due merely to primitive differentia-

tion according to gravity.

The author concludes that as applied to the earth's later

history, the planetesimal-nebula hypothesis thus appears to

overlap the gas-nebula hypothesis. In each case a fluid state

for the earth is fairly deducible from the astronomic premises.

Since the objective facts of astronomy and of geology, espe-

cially igneous geology, points in the same direction, the as-

sumption of primitive fluidity seems to be the best working

hypothesis on which geology can be based. Meantime, our

profound ignorance of the behavior of silicate and metallic

melts at very high temperatures and pressures should prevent

fixed opinion concerning the cause of the earth's high rigidity.

Similarly, the mystery attaching to the original potentializa-

tion of energy in the radioactivity elements makes uncertain

the true relation of radioactiviey to the earth's internal heat.

RESEARCH IN THE PSYCHOLOGY OF AVIATION
Captain Hakry M. Johnson of the Sanitary Corps, U. S. A.,

in charge of the department of psychology of the Air Service

Medical Research Laboratory at Mitchel Field, L. I., since

January, 1919, presents in Science for May 7, a resume of re-

search in the Psychology of Aviation. The more salient points

of Capt. Johnson's report are as follows

:

During the year the department prosecuted research along

two distinct and independent lines: (1) an effort to gain a

somewhat more intimate acquaintance with the effects of low

oxygen "on the integrity of response; aud (2) an effort to de-

velop more sensitive tests for the detection of (a) general
aptitude for aviation work, and (b) of its deterioration in

the earlier stages of staleness.

An extensive and detailed statistical study of the records of

over 6,000 classification-tests for resistance to deprivation of

oxygen has been made. The results indicate the extent to

which the subject's performance may be affected by atmos-
pheric pressure, temperature and humidity ; by the absolute
quantity of oxygen supplied the subject in the air to be re-

breathed ; by the duration of the test ; by the time of day at

which the test is taken; by the judgmental eccentricities of

the psychological and clinical observers, and by a lowered
morale, such as that which immediately followed the Armis-
tice. With these data available it is now possible, by con-

trolling or correcting for the influence of these variables, to

approximate much more closely to uniformity and constancy

of the standards of classification than has been possible

hitherto.

An investigation was made on the influence of diminished

pairment and behavior by the use of an objective record of

the speed and accuracy which the subject can maintain in

carrying on work of uniform difficulty as the supply of oxy-

gen is being diminished. Some interesting records were ob-

tained, which however, do not give the quantitative measure
of impairment which the appearance of the graphs suggests.

One reason for this fact is that many subjects tend to com-

pensate for impairment of response by an increase of "volun-

tary" effort. Tests on the fluctuations of visual acuity over

extended periods of observation were made, and some results

thus obtained that were not fully expected; e.g., (1) it ap-

peared that fixation and accommodation upon a stationary ob-

ject can be maintained until the last stages of asphyxiation

have been reached; and (2) that in the last stages of asphyx-

iation, visual impressions may become intermittent and the

entire field become darkened, without the outlines of objects

appearing blurred, and without diplopia developing under the

conditions of this particular test.

An investigation was made on the influence of diminished

air-pressure, simulating an altitude of 20,000 feet, on the time

required for selective reaction to a number of combinations

of signals visually perceived. The data as obtained indicate

that the time required for selective response is greatly length-

ened and its variability increased, by the abnormal conditions

of the experiment, until the subject by continued practice

has rendered his i
-esponses almost purely mechanical.

The results of a number of tests of aviational ability show

the tests taken as a group have some diagnostic value and

that certain of the individual tests if further refined may
have considerable practical value. An important fact ex-

hibited by the data is that flying grades do not adequately

differentiate aviational ability.

The results of a number of tests of aviational ability show

that the scores of the subjects in two of the tests are highly

correlated with the estimate of aviational ability as made

by the training department, the coefficients in both cases be-

ing approximately 0.73. It is safe to say that if six to eight

tests as satisfactory as these were developed, they would

afford a better basis of prediction of flying-school performance

than is afforded by the cadets' records in civil life, or by their

performance in ground school, etc. It is planned to continue

the effort to develop such tests.

Preliminary work in the department suggested that two

forms of test, if sufficiently refined, might prove to be quite

valuable in diagnosis of aviational ability and in exhibiting

its impairment. These tests are (1) of the ability to control

the coordinated activity of certain systems of voluntary

muscles; and (2) of the relative time required for selective

reaction to one of three signals presented successively and in

irregular sequence (a) under a standard condition of observa-

tion and (b) under a condition of observation so difficult as

to be trying.



Progress in the Field of Applied Chemistry
Notes Culled from Current Technical Literature

By H. E. Howe, Member of American Chemical Society

INDUSTRIAL FELLOWSHIPS
Attention is called to the 7th Annual Report on the In-

dustrial Fellowships of the Mellon Institute issued for the

fiscal year ending February 29, 1920.

It will be recalled that the industrial fellowship system,

was formulated by Robert Kennedy Duncan in 1906 and was
placed in experimental operation at the University of Kansas
in January, 1907. It was inaugurated at the University of

Pittsburgh in September, 1911, and in March, 1913, Messrs.

Mellon placed it upon a permanent basis. The experiment

has interested scientists and industrialists everywhere, and

the Institute has frequently been studied by our foreign

friends.

In addition to the foundation sums provided by the donors

of the fellowships, the Institute cares for the overhead ex-

penses, in which the salaries of the permanent staff and office

force, the maintenance of buildings and the purchase of books

and apparatus is included. In the fiscal year ending March,

1912, there were eleven fellowships with 24 fellows, the founda-

tion sum being $39,700. This has steadily increased without

decreasing at any time until for the fiscal year ending March,

1920, the number of fellowships was 47, the fellows 83, and the

foundation sum $293,680. As the report points out, there has
been several million dollars spent in addition by the indus-

tries in developing, upon a commercial scale, the processes

resulting from the research work at the Institute. The prob-

lems which have been under investigation are quite diverse

in character. The work demonstrates the possibility of con-

ducting fundamental research on a cooperative basis, for on

March 1st, 1920, a fourth of the fellowships were of the multi-

ple type supported by Associations. These are Leather Belt-

ing, supported by an association with 37 company members

;

Fiber, the association having 20 members ; Magnesia, four

members : Insecticides, 8 members ; metal ware, 11 members

;

refractories, 94 members, and laundry, 1,850 members. Some
of these fellowships are of long standing; two of them having

been in operation since the founding of the Institute, so that

the possibilities seem to have been pretty well established.

Much of the work has resulted in patentable processes, the

number of patents issued during the year being 7 in 1914,

and 37 in 1919.

The Institute distributes a limited number of its publica-

tions, and in the report in question a list of the industrial

fellowships in operation is given in detail.

PROBLEMS IN WOOL MANUFACTURE
Seven problems in wool manufacture which might be under-

taken to advantage by the Bureau of Standards were discussed

in a conference reported in Bulletin No. 2, vol. L, page 148, of

the National Association of Wool Manufacturers. These
problems are first, the standardization of dyestuffs. Second,

the comparison of the two processes of cleaning wool, namely,

the usual alkaline process and the naphtha. The advantages
and disadvantages of the processes themselves and the effect

on the working properties of the wool fiber should be deter-

mined. Third, the two processes of carbonizing wool or woolen
fabrics should likewise be studied along the same lines. These
processes are sulphuric acid, and the application of aluminum
chloride. Fourth, the relative desirability of fabrics made
from carded yarns and from worsted yarns should be de-

termined from the standpoint of wrarmth and wearing quali-

ties. Fifth, it is desired to learn the effect both upon warmth
and the wearing qualities of fabrics with the introduction

into the blend with virgin wool, of shoddy of different grades,

and also of cotton. Sixth, the limits of advisable use of petro-

leum neutral oils in combination with other oils for the pur-
pose of lubricating the fiber before carding, taking into con-

sideration as well the important point of thoroughly elimi-

nating this oil by a scouring process from the woven fabric.

In carded woolen mills, various oils and combinations are
used, but heretofore olive oil and peanut oil have been used in

worsted mills and the inquiry applies to both classes of man-
ufacture. Seventh, the determination of the amount of grease

desirable to leave in wool when scoui'ed.

It is understood that plans are being formulated for carry-

ing on this work at the Bureau of Standards, which desires

whenever possible to engaged upon scientific research calcu-

lated to be of advantage to the industries.

JELLY
We are coming to learn that jelly is a scientific production,

although many maufacturers may never have so considered

it. Experiments have been conducted in an endeavor to

learn in what, proportions the necessary raw materials should

be used to produce a reliable commercial product of constant

quality, and the results of this investigation are reported by
E. H. Campbell in the June number, page 558, of the Journal

of Industrial and Engineering Chemistry. Three ingredients

must be present in proper proportions for best results. These

are acid, pectin, and sugar. It has been found that an excess

of pectin decreases the amount of jelly, although it produces

a firm but tough product. In commercial jellies pectin should

not exceed 1.25 per cent. Home-made jellies have from .75

to 1 per cent. When calculated as sulphuric acid, the mini-

mum acidity in a jelly of good quality is 0.27 per cent and the

maximum 0.5 per cent. A good acidity is 0.3 per cent. An
insufficient amount of sugar produces a tough jelly and an

excess amount one that is soft.

To determine these different factors a considerable number
of experiments have been conducted. One constituent was
varied at a time and upon the data obtained the conclusions

given above were reached. Thus a series of tests was run

with amounts of sugar per gallon of apple juice in which the

pectin content was uniformly 1.25 per cent and the acidity

0.43 per cent with from 2 to 11 pounds of sugar for each gal-

lon of juice, varying the amount by one pound in each success-

ful test. The lot containing 5 pounds of sugar per gallon of

juice was chosen as the best in texture for commercial use,

though that with 6 pounds gave the most desirable flavor.

The jelly improved in delicate flavor approaching the charac^

teristics of home-made jelly as the sugar was increased up

to the point where it became too sweet and altogether too

delicate for commercial use.

Another interesting development has been the relationship

established between the brix hydrometer reading of the fruit

juice made from apple pomace and the amount of sugar to

be added per gallon of juice. On the brix hydrometer the

scale indicates the percentage of sugar in the solution under

test, assuming all dissolved solids to be sugar. It has

been found that if one pound of sugar is used for each gallon

for every degree brix a fine, clear jelly, firm enough to stand

under nearly any climatic condition, will result. A more

delicate jelly is made by using 1.25 pounds of sugar for each

degree brix; the amount of sugar used increases the amount

of jelly as the sugar is increased.

The author gives a method for determining pectin present;

one quick, rough test being as follows: If 10 cc. of filtered

juice are allowed to drop from a pipette into 180cc. of alcohol

85
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amounts of pectin over one per cent in the juice will cause a

cohesive, gummy mass to gather, but if the amount is less

than one per cent the precipitate will not gather in a mass
but will remain flocculent. One soon learns to observe this

precipitation, which is usually accurate enough to serve as

a check.

By thus controlling the manufacture of jelly from the pectin

standpoint, and the author gives a table indicating the sugar

to be used per gallon of apple juice on a pectin base, it is

possible to obtain a more uniform product than is customary,

together with increased production and an improvement in

production which again testifies to the desirability of work-

ing upon an accurate scientific basis.

THE GAS MANTLE.
The United States Tariff Commission in its Tariff Informa-

tion, Series No. 14, presents an interesting account of the in-

candescent gas mantle industry, its raw materials and by-

products. The pamphlet is issued as an aid to the study of

the tariff and understanding of its effect on domestic indus-

tries. Articles considered are monazite sand, thorite, thora-

mite, cerite, thorium nitrate, cerium nitrate, incandescent gas

mantles, cerium pyrophoric alloy, and mesothorium.

The incandescent gas mantle not only gives the cheapest

illumination wherever natural or manufactured gas is avail-

able, but has actually saved the gas lighting industry. Its

use enables a very satisfactory light to be obtained with a

wide variety of gas, since illumination depends upon the tem-

perature to which the oxides forming the mantle are heated.

It is estimated that of the 300,000 mantles used in the world,

80,000,000 are required by the United States where the domes-

tic industry is well developed. To produce these mantles about

3,500 tons of monazite sand containing from 4 to 12 per cent

of thoria and 30 per cent of ceria are required. The best pro-

portions of thorium and cerium for use in mantles to give not

only intense light, but light of the most satisfactory color are

98 to 99 per cent of the former and 1 to 2 per cent of the

latter. This leaves a quantity of cerium much in excess of the

demand for mantle production and in addition monazite sand

contains about 30 per cent of other rare earths.

Utilization of this material has been an interesting re-

search problem as has the production of the radio-active sub-

stance mesothorium, a by-product in the manufacture of

thorium nitrate. It is expected that since mesothorium has

the same therapeutic application as radium one year after its

isolation that it will play an important part in supplementing

our restricted radium supply.

A considerable part of the surplus cerium is used in pro-

ducing pyrophoric alloy, an alloy with iron which serves in

gas and cigar lighters, where a spark is produced by friction

with this alloy. In its production, the iron is alloyed with

about 30 per cent of cerium or the mixed rare earth metals

which are a by-product in the treatment of monazite sand.

The consumption of pyrophoric alloy in the United States

is about 20 tons per year. A small quantity was used in star

shells during the war, tracer bullets in which the friction

of the air during the fight caused the alloy to burst into flame,

and of course in automatic lighters for use where matches

were forbidden.

While there are approximately 30 manufacturers of gas

mantles in the United States, only one manufacturer produced

thorium and cerium nitrates from monazite sand in large

quantities prior to the war. A second manufactured on a

small scale and the others imported their thorium nitrate,

the total imports about equaling the American production.

The English and French mantle makers have also been in

the habit of importing their raw material, so that with the

advent of the war the American companies by expanding their

production were able to supply both domestic and foreign de-

mands.

The bulletin is supplied with numerous tables of interest-

ing statistics and possible outlines of methods of manufacture.

SUBSTITUTES FOR PLATINUM
In the May issue of the Journal of Industrial and Engineer-

ing Chemistry, page 500, a note is reported on the successful

use of substitutes for platinum wire in bead and flame tests.

The results quoted are from the experience of Mr. C. Kiplinger
of Mount Union College. As he points out, one very important
source of waste in platinum arises from its use in the qualita-

tive laboratory. A platinum wire sealed into a glass rod is

used in flame and bead tests where it alloys with many of the

metals with which it comes into contact, and rapidly disap-

pears subsequently. To avoid this waste, it has been found
feasible to use the graphite from a lead pencil in place of
wire for bead tests, a small length of this, graphite is held in

the flame of a Bunsen burner until the end is hot. It is then
dipped in borax and returned to the flame, holding it at such
an angle that a hanging drop on the end of the graphite is

formed of the borax glass. This drop constitutes the bead
and the tests are made as usual. Each 5 to 6 cm. length of

the graphite easily serves for at least two tests, one at each
end, and occasionally it can be scraped clean enough to permit
several tests with one piece. A bead of the right size will ad-

here firmly to the graphite, yet the cold bead is easily re-

moved with a knife. The reducing action of the carbon does
not seem to make a difference.

The writer further suggests the use of an iron nail not less

than 3 mm. in diameter. The large surface offered by the

head of the nail seems well adapted to the purpose and by
burning it free from sodium satisfactory results are obtained,

since the spectra of the iron salts do not interfere.

Still another suggestion is an improvement upon the method
of Ehringhaus, where a glass tube 15 cm. long and 6 mm.
internal diameter is bent at an angle of 45 degrees, 2cm. from
one end. In this end the opening is reduced to 3 mm. in

diameter by holding it in the gas flame. A wick of filter paper
with 3 cm. projecting is fitted in the reduced opening and
the longer arm filled with the solution to be tested, or with
dilute hydrochloric acid if a powder is to be tested on the

paper. A flame of sufficient duration for observation can
thus be obtained. By supporting a burner horizontally on
a stand and bringing the upper edge of the paper wick barely

within the bottom portion of the flame, the warm solution is

vaporized and covers the flame with a minimum consumption

of papers and the elimination of the carbon flame, which

otherwise intereferes with direct vision work.

CATTLE FOOD FROM SEAWEED.
In the weekly bulletin of the Department of Trade and

Commerce, Ottawa, Canada, there appears a report taken from

a London Chamber of Commerce journal describing a process

which has been tried in Denmark of producing cattle food from

seaweed. From the analysis it would appear that the food

is nourishing and would appeal to cattle. The plant must
first be washed to free it from excess salt, etc., after which

it is steamed under high pressure, which causes the cells to

disrupt. The mass is then formed into cakes under high pres-

sure, dried in a vacuum and ground to powder. The juice

of the mass collected during the pressing operation is con-

centrated in vacuum, the salts crystallized out and separated

in a centrifuge. The juice is then mixed with the coarse

powder and the mixture pressed into suitable sized cakes.

The finished cake shows the following approximate an-

alysis: Water, 5 per cent: protein, 13.12; fat, 1.07; digestible

carbohydrate, 66.76 ; cellulose, 9 per cent, and mineral salts,

5.03 per cent.

PEARL BARLEY.
The Plant Chemical Laboratory, Bureau of Chemistry, has

made a study of the methods of manufacture of pearl barley

and the chemical composition of the various products of the

pearling operations. It is interesting to note that the offal

from the sixth pearling has essentially the same composition

as the pot barley resulting from the second pearling opera-
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don. This is Important since this material should he useful

as barley-flour. It is estimated that about 5.000,000 bushels

of barley are now made into pearly barley and on this basis

52,000 tons of barley material containing over 6,700 tons of

protein, 1,000 tons of fat and 1,100 tons of mineral ingredients

are now removed in the steps between pot barley and pearl

barley. This waste now goes into animal foods.

Both pot and pearl barley result from the gradual grinding

off of the outer layers of the barley grain. This is called

pearling and the pot barley results from two or three such

operations, pearl barley results from 5 to 6 such treatments,

the abrasion being carried on until a white, pearl-like product

is obtained. Some times sulphur dioxide is used to whiten

the fiual product and not infrequently talc or similar material

is added to brighten and improve the pearl-like appearance.

This is occasionally referred to as mineral facing.

The pearling machine generally contains a vertical abra-

sive stone enclosed in a metal sieve and a dust proof housing.

The sieve revolves two-tenths as fast as the stone and in the

opposite direction. The barley is fed in and discharged auto-

matically, the grinding or abrasion continuing for about two
minutes, which after cooling is ready for the next treatment.

A reel separates the offal or husks from the barley.

In making pot barley a loss of 22 per cent of barley ma-
terial is sustained. In continuing the operation to the pearl

barley stage, 65 per cent of the barley material is lost. The
report of this work gives an analysis of each of the coatings

removed in the different operations and emphasizes the need

of finding some way properly to use the materials SO removed.

BRASS.
The Bridgeport Brass Company has issued an attractive

brochure entitled Brass, in which, under the heading, "Seven

Centuries of Brass Making," a brief history of the ancient

art of brass making and its early and even recent method of

production is contrasted with that of the electric furnace

process. The historic account which even notes labor condi-

tions in the Middle Ages, and, as is the case with the entire

publication isj well illustrated, is particularly interesting.

Studies of our oldest ruins indicate that in the earliest periods

of man's development he knew something of the metallurgy

of copper, tin and iron, it being believed that copper was
probably the first to be used. During the Bronze Age it is

believed that charcoal and ore were burned in shallow pits

in the ground and after cooling, the melted copper was re-

covered in the form of a rough disk. Seemingly, the first

copper came from Sinai and then later from Cypress. Some
believe that the earlier bronzes resulted from the direct smelt-

ing of stanniferous copper ores, although others think that

the tin was obtained as such from Spain and Great Britain

and alloyed by the ancients. In fact, the name Britannic-

Isles is derived from the two Phoenician words, Breta-nac,

meaning land of tin.

It is evident that in early history there was confusion over

bronze, brass, and other copper alloys, often resulting in the

use of the word brass when copper or bronze was meant.

Apparently the first attempt to cast brass in the North
American Colonies was in 1644 at Lynn, Mass. Brass cannon
were cast in Philadelphia before the Revolution. In 1882 a

brass business was established at Waterbury, Conn., for the

purpose of making brass buttons, which was the first recorded

instance in America of brass making by direct fusions of

copper and zinc, and the undertaking also involved the first

rolling of brass here.

The brochure devotes a good space to present day advanced
methods of making brass, including a description and illustra-

tions of the modern laboratory and research department which
is responsible for future development. In the section on the

characteristics of brass, additions and impurities and struc-

ture, are a number of instructive curves and photo-micro-

graphs indicating the structure of brass which has been sub-

jected to different amounts of cold rolling.

LAND CLEARING AND CHEMISTRY.
W. R. James in the Chemical Age for April, page 483, con-

tributes an article on Clearing Cut-over Pine Lands of the

South and Destructive Distillation of the Stumps, which af-

fords another example of our dependence on chemistry and
chemical engineering. The interest in this project originates

in the possibilities of clearing land for agricultural purposes
by the use of" explosives produced by chemical methods pri-

marily for other purposes. Even this quick way of dislodging

stumps may be somewhat expensive and as the cleared

land is the first consideration these stumps may be regarded

as by-products of the first operation. Starting with the

stumps as the raw material, the next step is their treatment

by distillation for the production of charcoal, tar, and mixed
tar oils. A careful study indicates that under favorable cir-

cumstances this utilization of the stumps could be made to

more than pay for clearing the land, and one company has
now begun operations on a 100,000-acre tract.

A plot of 25 acres was treated as a semi-commercial scale

experiment and having been cut over twice in the past 15

years the stumps were some 6 to 15 years of age. 25 acres

were cleared for a total cost of $780.04 and 124.1 tons of

stumps were recovered at an average cost of $31.20 per acre

or at $6.28 per ton. Care was taken in blowing the stumps so

as not to leave deep holes. A horizontal retort of one cord ca-

pacity was used and two different schedules were employed
for the sake of comparison. The 24-hour schedule gave 62.29

gallons of tar and oil and 463 pounds of charcoal per ton of

wood distilled. The 36-hour schedule produced 76.4 gallons

of tar and oil and 411 pounds of charcoal per ton of wood.
Selling the oil for 18c a gallon and the charcoal at lc a

pound the operating profit was $12.33 per acre on the 24-hour

schedule and $12.S1 on the 36-hour schedule, the latter being

due to the increased yield of tar and oil which offset the in-

crease in labor and depreciation charges and decrease in

charcoal.

Since the experiment was tried, the price of oil has ad-

vanced until nearly 30c per gallon can be realized. These
mixed tar oils are in demand in the ore flotation process, as

well as for insecticides, disinfectants, cattle dips, in the man-
ufacture of insulation, paints, etc. Turpentine may be sepa-

rated by redistillation, and rosin can also be recovered in

such a wood reduction plant.

LEATHER IN ENGINEERING.
Ix the Shoe and Leather Reporter for February 26th, page

83, F. R. Parsons indicates the importance of leather In the

British engineering trades. The efficiency and durability of

leather depends to a great extent upon the care which is given

it while in service and while not in use. Leather is called

upon to show its durability when used in hydraulic pump in-

sulations more than in any other place. The most carefully

selected hides are used for this type of work. The leather

must be durable and at the same time pliable and soft. Cup
leathers, particularly, demand the best material. Leathers

for this purpose must be cut from the best parts of the

hides, and oil-dressed with care. In the writer's opinion, cup

leathers pressed with the flesh side outward give the best

results, although this is not uniform practice w:ith those

manufacturing such leathers. It is recommended that pump
valves, barrel sweeps, etc., should be immersed in hot tallow,

afterwards well rubbed into the leather with the hands before

being put into service. Lubricating oil and mineral oils

should never be used, but where cold water is to be handled

vegetable oils, neat's-foot and sperm oil can be recommended.

Leather hose is still used to some extent on dredgers,

though displaced by woven materials in most engineering op-

erations. When such hose is used in salt water it requires

frequent oiling or "nourishment."

To recondition leather it should be well washed and brushed

with lukewarm, not hot, water and after drying a mixture

of tallow and cod oil worked in with a stiff brush.



Progress in the Field of Electricity
Summaries and Excerpts from Current Periodicals

By A. Slobod

PROPOSED 220,000-YOLT TRANSMISSION LINE FOR
CALIFORNIA.

The best available information indicates tbat the demand

for power in California in 1926 will amount to about 1,040,000

kw. At present small developments aggregating 325,000 kw.

have been completed ; the rest will have to be supplied by the

four hydroelectric projects, namely : Pit River, Feather

River, Big Creek and Colorado River which are estimated to

be able to deliver about 1,500,000 kw. in the near future. The

economies of power supply requires that power be developed

in large units, and large power units require transmission lines

of the highest possible economic voltage.

It is proposed then to construct a two-circuit transmission

system of 220,000 volts extending from Pit River to Los An-

geles, a distance of 570 miles. Branch lines of like voltage

connect the three other power projects and the San Francisco

load center to this main line on which the other load centers

are located. The main line thus becomes a high-tension bus

extending nearly the entire length of the state, hence its

name—California transmission bus. This arrangement makes

possible unlimited interconnection and exchange between all

the power companies of the state. Substations have been lo-

cated at Marysville, Stockton, San Francisco, Fresno, Bakers-

field and Los Angeles. These points are natural load centers

and suitable points for connecting with the present power

systems. The substations divide the lines into sections of

suitable length for practical operation, the longest section be-

ing 150 miles.

It has been shown by Silver 1 that for long transmission 220.-

000 volts is economical under conditions which require a

much more expensive construction than has proven adequate

for the 150,000-volt lines of the Southern California Edison Co.

The lines of this company would form a link of the proposed

transmission bus and could be operated at 220,000 volts with-

out material change. Sixty cycles would be the standard fre-

quency, and the systems operating at 50 cycles will ultimately

find it advantageous to conform to the A.I.E.E. standard.

Under the proposed conditions the corona loss might amount

to 8 per cent of the line capacity with storm conditions over

the entire line. This loss is not sufficient to make the line in-

operative and would occur too rarely to be an economic factor.

For operating the Big Creek line at 220,000 volts it is proposed

that suspension strings have 11 units and dead end strings 12

units in series.

The line capacity of the present system will greatly in-

crease when operated at 220,000 volts. This is a fair indica-

tion of the conditions which will exist in the proposed system,

the load centers of which are so distributed as to limit the

actual average distance of transmission to about 200 miles.

The economic gain in doubling the capacity of lines which cost

approximately $6,000,000, the present cost of which would be

at least 30 per cent more, would more than offset the cost of

all necessary changes, including the adoption of the standard

frequency. The mechanical features of the new line will not

he much different from those of the Big Creek line which

lias proven entirely adequate for California conditions. Com-

plete parallel operation of all lines must be adhered to in the

proposed system. Satisfactory protective relay systems for

dropping defective sections have been developed for present

lines, and there appear to be no obstacles to extending these to

the higher voltages.—R. W. Sorenson and others, Engineering

World. February 1. 1020, pp. 127-30.

THERMIONIC VALVES.
At a recent meeting of the western center of the Institution

of Electrical Engineers a lecture on "Thermionic Valves" was
delivered by Prof. Frederic Bacon. As a technical aid in

winning the war the professor claims that the thermionic

valve deserves as prominent a place as the tank or the para-

vane, but owing to the secrecy which has only just relaxed,

and the highly technical nature of its applications, only

imperfect accounts of it have received general publicity. In

five or six years it has completely revolutionized wireless

telegraphy, both as regards transmission and reception, and

it has made wireless telephony a practical proposition. The

system of the anti-submarine detection which appeared at the

time of the armistice to be the only system inherently capa-

ble of providing a really effective solution of this most diffi-

cult and baffling problem, used 14 such valves of various kinds

and sizes so as to discharge seven distinct functions. Towards

the end of the war the output of thermionic valves in England

alone had risen to the rate of half a million per annum. In

1914 practically all the most powerful transmitting stations

in the world generated waves by sparks, and signals were

received by means of crystal detectors, or magnetic detectors.

To span 100 miles or more very large aerial structures were

necessary both at the receiving and sending stations. Today

most of the high power stations for long distance transmission

use "continuous waves," i.e., they produce uniform uninter-

rupted waves instead of short gushes made by sparks. At the

receiving end the faint incoming signals are amplified and de-

tected by thermionic valves with such ease that an aerial is

hardly required. For example, under favorable weather condi-

tions, it is quite easy to listen to signals coming in from the

other side of the Atlantic by using a circuit of which the

receptive element merely consists of a small coil of wire some

3 or 4 feet square. From an article published in Elektrotech-

nische Zeitschrift it is possible to see that Germany started

the war with a flying start of a year in the application of

thermionic valves, but at the time of the armistice she had

only arrived at the stage the allies reached in the •spring of

1917.

—

Colliery Guarclia)i, May 7, 1920.

^Proceedings of the American Institute of Electrical Engineers,

.Tunc, 1919.

SAFETY DEVICES OF THE SAFETY CAR.

The extension of the use of safety cars and the constant

broadening of the field for them suggests the importance of

familiarity with the various parts that constitute an equip-

ment. Safety devices are essential to insure easy, safe and

efficient operation of the one-man type of car. The cost of

maintenance and the number of irritating troubles and delays

which occur when such cars are introduced are influenced to

a large extent by the familiarity which the operator and main-

tainer have witli the new equipment. Most railways are un-

familiar with the new type of the apparatus developed for this

service until they actually have them as an addition to their

rolling stock.

The subject of the safety car equipment is therefore timely,

hence with a view of giving the present or prospective user

as clear an idea as possible of the functions of the various

parts the author contributes a series of articles explaining

the fundamental characteristics and the methods of care and

operation which insure the proper functioning of the follow-

ing features of the safety car

:

1. The car cannot be started with the doors open because

the brakes cannot be then released.

1. The doors cannot be opened without causing a brake

application sufficient to stop the car.

SS
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3. Unintentional removal of the operator's hand from the

controller handle will cause an application of the emergency
brake.

4. The brakes cannot "leak off" while the car is standing

with the doors open.

5. An automatic emergency application results if either of

two pipes (emergency and safety control) running from plat-

form to platform, is ruptured.

(?. The doors are changed from air-operated to hand-oper-

ated whenever a:i emergency application of the brake valve

is made.

7. The power is cut off, sand is applied and doors become
hand-operated whenever an emergency application is caused

by releasing the controller handle.

8. If excessive cylinder leakage causes a service application

to "leak off" while changing hands an emergency application

will result.

9. If the platform piping be ruptured by a collision an
automatic emergency application will be obtained and the

damaged piping will be so cut off as to prevent exhaustion of

the main reservoir.

10. After a stop the controller handle must be pressed down
before the brakes are released.

11. Ends cannot be changed without making a brake ap-

plication before the operator leaves the operative end or an

automatic emergency application results.

12. The sand is automatically applied in an emergency.

13. The safety features are obtained without increase in the

number of manipulative handles.

14. The doors are air-operated.

15. Sanding is accomplished by air without the use of a

special handle.

16. Provision is made for intentional and temporary release

of the controller handle without emergency application re-

sulting.

To sum up, the safety devices provide for successful oper-

ation of the safety car because they insure that the operation

shall be safe, proper and easy ; safe, because man failure is

provided for; proper, because the operator's movements are

so interlocked that they must be taken in the proper sequence,

and easy—because the operator's labors are reduced to the

minimum by the use of air-operated devices.

USE OF ELECTRICITY IN METALLURGICAL PROCESSES.
The development of electrometallurgical processes to a po-

sition of great industrial importance during the last decade

was one of the noteworthy steps in the progress of metallurgy.

In 1910 only 25 cities in the United States and Canada had
electrometallurgical or electrochemical power loads ; today

total load of approximately 1,300,000 k'va. used in electro-

chemical processes, electricity is used in the metallurgy of the

following metals, either as a heating agent or for its electro-

lytic effect: pig iron, steel, cast iron, the ferro-alloys, alumi-

num, copper, brass, lead, zinc, gold and silver. There is a

total load of approximately 1,300,000 kva. used in electro-

metallurgical processes in the Lhiited States and Canada, not

including motor loads.

Installed Power Capacity in Electrometallurgical Processes in

the United States and Canada.

Kva. Kva.
Process Load Process Load

Pig iron none Brass 23,000

Steel 600,000 Lead 1,400

Ferro-alloys
_

200,000 Zinc 60,000

Aluminum 350,000

Copper 45,000 Gold and silver 1,000

was discontinued in 1914. It will hardly develop to any extent

in this country because of the cost of power. On the other

hand in Sweden and some other countries it has been steady

as seen from the table below

:

Electric Furnaces Smelting Iron Ore.

Country
Type of

Furnaces
Number of

Furnaces

Sizes-of

Units

Kva.

Transformer
Capacity

Kva.

Sweden Shaft 19 2,000 to 7,000 64,000

Norway Pit 3 1,200 3,60(1

Norway Shaft- 1 3,000 3,000

Switzerland Shaft 2 3,000 6,000

Japan Shaft >
3,000 6,000

Italy ' Shaft 6 3,000 18,000

Pig Iron.—The electric smelting of iron ore is no longer

in operation in this country ; the plant at Heroult, California,

The power consumption is from 2,000 to 3,000 kw-hr. per

ton, the lower figure being for white iron and the higher for

grey iron. The electrode consumption varies from 13 to 20

lb. per ton of pig iron. The electrical load is very steady, and
it should be possible to attain an average load factor of 80

per cent. During the war a considerable quantity of low
phosphorus pig iron was made in this country and Canada
by electric melting of steel scrap; there seems to be a future

for this process, especially in foundries where the cost of pig

iron is high due to freight. The metallurgy of synthetic elec-

tric furnace cast iron was worked out by C. A. Keller in

Prance during the war. Other uses of the electric furnace are

in refining gray iron from the cupola and in production of

malleable castings. It has also been considered as a mixer
for keeping molten blast furnace pig iron hot before casting

into pipe.

Steel.—The increase of the use of electricity in steel pro-

duction has been most phenomenal. In 1904 there were four

small electric steel furnaces iu Europe while the present num-
ber throughout the world is estimated at 875. The production

of electric furnace steel in the United States in 1917 was
304,543 gross tons. Probably 1918 and 1919 will show a

production of over 400,000 gross tons for each year. Almost
50 per cent of the 1917 production was alloy steel. Of the 323

furnaces in the United States 54.5 per cent are being used for

making castings. The most marked development of the elec-

tric steel furnace has been the production of ingot alloy steels

for automobile construction and high speed steel. A future

probable large development is the use of the electric furnace

for finishing molten converter and open hearth steel. An
extensive installation for this purpose has been made by the

Illinois Steel Company.

As a central station load the electric steel furnace gives

the least desirable load of any of the uses of electricity men-

tioned in this paper. Yet it is a very desirable load although

its load factor is low compared with that obtained in some

other electrometallurgical processes. This is because most

foundries operate on a ten-hour day instead of a twenty-four

hour day. The central station should encourage then the

twenty-four hour day by offering lower rates for continuous

operation ; the load factor will then vary from 40 to 55 per cent

when making castings. A furnace refining molten steel should

attain a load factor of 75 per cent on twenty-four hour op-

eration.

The power consumption varies from 550 kw-hr. per ton

when melting scrap on acid bottom for castings to S00 kw-

hours per ton when making alloy steel ingots requiring re-

fining. The voltage of the only type of single phase furnace

now used is about 140 volts on the arc, 220 volts open circuit.

On two and three-phase furnaces the voltage is from 90 to 110

volts. The electrode consumption is 15 to 25 lb. per ton of

steel.

Another quite desirable load is the electric furnace for heat

treatment of steel: the electric heat treatment of steel is cer-
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tain to become common practice even at a higher cost because

of the ease of control and uniformity of the results obtained.

At present the carbon resistance type of furnace has been

installed for this purpose. During the war another type was
developed in which the heating unit consists of a calorite

ribbon mounted on a cast iron supporting plate and insulated

therefrom by suitable refractory material.

Ferro-alloys.—On January 1, 1920, there were in the United

States and Canada forty plants with a combined transformer

capacity of 200,000 kva. At present, however, 75 per cent of

these plants are not operating. Many of them are in the

hands of a receiver and will eventually be dismantled. Some
electrical characteristics of electric ferro-alloy furnaces are

given in table below

:

ELECTRIC FERRO-ALLOY FURNACES

Product
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Load Curve

Ferrosilicon 750 to 1 80 92 80-85 25 Smooth
Ferrosilicon 7,500 3 120 70 80-85 10 Smooth
Ferromanganese

.

1,200 to 3 65-75 85 80-85 10 Very smooth
Ferromanganese

.

5,630 3 115-120 70 80-85 10 Very smooth
Ferrochromium.

.

1,000 to 3 67-75 95-90 80-85 25 Smooth
Ferrochromium.

.

1,500 3 75 85-90 80-85 25 Smooth
Fprrotungsten. .

.

75 to 250 ] to 3 55-75 90 50-70 50 Irregular

Ferromolyb-

denum 75 to 250 1 55-75 90 50-70 50 Irregular

Ferrovanadium.

.

150 to 500 1 55-75 90 70-80 25 Smooth
Ferro-uraniumn

.

75 to 150 1 55-75 70 70-80 500-100 Very irregular

Ferrotitanium. . . 500 1 55 85 80 50 Irregular

The two most important developments have been the electric

smelting of manganese ores and the increased use of

molybdenum in steel. Probably 300 tons of ferro-molybdenum
were produced in 1918 as compared with less than 25 tons in

previous years. There was a very small production in 1919.

The electric smelting load, at present time exemplified by

ferro-alloy furnaces is probably one of the best loads a power
company can get, and in the future may prove a much larger

load with application of electricity to smelting of non-ferrous

ores.

Aluminum.—This metal is now fourth in quantity of produc-

tion of non-ferrous metals and in variety of uses is only sur-

passed by iron and copper. The practical metallurgy of alu-

minum has been kept as secret as possible. In one of the

most recently constructed plants the furnaces or cells take

20,000 amperes of direct current at seven volts. Seventy of

these furnaces are connected in series on a 500-volt, direct-

current line. Power is supplied to the battery by a 10,000 kilo-

watt, direct-current generator direct driven by a water wheel.

The power consumption is about 15 kw-hr. per pound of

aluminum. The load is ideal for central stations. In addition

to the use of electricity in the production of aluminum it is

also used for melting aluminum in furnaces of resistance type.

A carbon resistor furnace of 500 kw. capacity has been put on

the market for this purpose.

Copper.—Since 1883 electricity has been used in this coun-

try to refine copper; at present there are nine electrolytic-

copper refineries in the United States. The greater part of

them are located on New York harbor, and power is gener-

ated by steam in the power-plant of the refinery. Seven to

eleven pounds of copper are deposited per kw-hr. The electro-

lytic deposition of copper from leaching plant solution is in

practice on a large scale at Ajo, Arizona. As high as 2.5 lb.

of copper have been deposited per kw-hr. An increasing

quantity of electricity is being consumed in the large copper

smelting plants for removing dust from smelter smoke. A new
Cottrell smoke treatment planl has been completed at Ana-

conda which uses approximately 1,000 kw. The use of power

will be increased until almost every smelting plant is equipped.

The process is also being used on manganese and lead fur-

naces.

From the standpoint of the central station the most impor-

tant development in the copper industry is the electric furnace

for melting brass and non-ferrous metals ; the number of these

furnaces had grown to 261 on March 1, 1920. It is usually

built in such small units that the fact that it is a single-phase

should not prove seriously objectionable and should become
an important load for the central station.

Lead and Zinc.—Electricity is used for the refining of lead

bullion by the Betts process. Fifteen lb. of lead are deposited

per kw-hr. Power is generally supplied at 90 to 115 volts, and
the cells are connected in various arrangements. The com-

mercial application of electrolytic precipitation of zinc from
sulphate solution in the hydrometallurgy of zinc is less than

five years old. At the present time there are four electrolytic

zinc plants in the United States, with a total production ca-

pecity of 300 tons of zinc per day. One plant has been built

in Australia and two in Tasmania. The secret of successful

electrolytic precipitation is to precipitate the zinc from a

pure electrolyte. Sheet lead anodes and sheet aluminum
cathods are used. The power consumption in one plant is as

low as 1.7 kw-hr. per lb. of zinc precipitated. While electric-

smelting of zinc ore and dross has been practiced commercially

in Sweden since 1901, nothing has been done in commercial

production in this country or Canada.

Gold and Silver.—Electrolytic refining of gold and silver

bullion has been practiced for a number of years in the United

States mints. It is also used in the refinery of one Perth

Amboy smelting plant. The power involved in these installa-

tions does not exceed 500 kilowatts. Several electric melting

furnaces were installed in the United States during the war
which proved successful for melting silver dollars, nickel and

copper.

—

Robert M. Keeney, Electric Journal, May, 1920, p.

206-212.

NEW ELECTRICAL EVAPORATING SYSTEM.

Instead of evaporation by direct use of electric heating the

closed-cycle equipment is urged as presenting many advantages.

The evaporation takes place in a closed vessel. A steam coil

is used to bring the charge of liquor to the boiling point. A
compressor is then started, the vapor delivered through a pipe,

compressed and then delivered to a worm where it is con-

densed and causes the evaporation of more liquor in the closed

vessel. The hot condensate flowing from the worm is passed

to the preheater where it preheats the incoming liquor.

Finally, the cooled condensate issues as pure distilled water.

This "autovapor" process offers a means of utilizing hydro-

electric energy instead of coal; the latest "autovapor" instal-

lations evaporate 60 kg. per m2
. This compares very favorably

with the rate of 3 to 5 kg. per m 2 of heating surface in the

first closed-cycle equipments. The pressures used are from 0.1

to 1.5 kg. cm. 2 abs.

The following test data are given from a plant evaporating

soda lye of from 5 per cent to 17 per cent. In the middle of

the six hours required to effect the concentration the perform-

ance of the plant during one hour was: Km-hrs. supplied

to driving motors, 54% ;
pressure in evaporator, 1.29 kg./cm. 2

abs.; temperature of lye, 107.6°C. : temperature of condensate

leaving feed water. 91.5°C. ; live steam supplied, 100 kg.

;

water removed from lye by compressor, 1,070 kg. ; water ex-

tracted per kw.-hr., 19.6 kg., excluding the live steam, or 18.0

kg. when allowing for the latter. Comparing these results

with the heat equivalent of 1 kw-hr. it is evident that the

evaporation is from 11 to 13 times that obtainable by direct

electrical heating. The system is applied also to the concentra-

tion of sulphite lye and for other chemical purposes. By a

slight increase in compression pressure an evaporation of 73

kg. per m2 of heating surface can be obtained, the evapora-

tion per kw-hr. decreasing only to 16 or 17 kg.—E. Wirth.

Hull. Sclurciz. Elektrot. Ver., December, 1919, Vol. 10, pp.

347-55.
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OBTURATORS VERSUS PISTON RINGS.

Experiences in air-cooled engines on aircraft led in some

cases to the replacement of the ordinary piston rings by an

obturator, which is essentially the equivalent in metal of

the cup leather used tor packing hydraulic cylinders. The
air-cooled cylinders of rotary engines, it was found, suffered

distortion when at work owing to the leading side of the cylin-

der being more effectually cooled than the trailing side. As a

consequence, piston rings often failed to hold the pressure,

satisfactorily. Any increase in their number would have in-

volved a longer and heavier piston, and the obturator was
introduced in consequence. This, as explained in an interest-

ing and valuable paper by Mr. W. Fennell, M.I.E.E., which
was read at a recent meeting of the Diesel Engine Users' As-

sociation, consisted of a flexible L-shaped ring forced against

the cylinder wall by fluid pressure. At the outset the life was
short, but improvements made at the works of "Engineering

and Arc Lamps" increased the life from 10 hours to GO hours,

and in exceptional cases to 250 hours. Brass was the metal

first employed, but a special phosphor-bronze is now used. The
obturator was placed near the top of the piston, but being

flexible and forced by the pressure into close contact with the

relatively cool wall of the liner it did not burn. Nevertheless,

it is now considered preferable to fix it some little distance

below -the piston head. As originally fitted the rings were
split similarly to a piston ring, but a lap joint is now used,

and with this, the obturator works well, even if the liner be

wrorn out of true. In consequence of the satisfactory be-

havior of these obturators, Mr. Fennell determined to fit one

to a three O cylinder Sulzer-Diesel engine rated at 140 hp.

The liners of this engine had worn badly, being far from
circular and tapering to the extent of 1/10 in. It was im-

possible under the conditions to obtain new liners, and piston

rings failed so rapidly that the engine could not be run save at

a prohibitive cost. It was decided accordingly to fix the three

top rings of the piston and to place an obturator in the fourth

groove. After a run of 100 hours without loss or blowing

by, the obturator was examined. The wear was less than

1 mil, and the engine was set to work again, without replacing

it. This obturator lasted 380 hours and then failed, due to

wear at the lap joint. Here the motion was considerable,

owing to the taper of the liner. Further experiments showed
that even with these badly-worn liners the obturator might
be counted on to last 300 hours, which was longer than the

piston rings w-ould stand. Further tests are, Mr. Fennell

stated, in progress, and they indicate that with the liners

in proper condition the life of the obturator should be well

over 1,000 hours.

—

Engineering, Vol. 109, No. 2833, April 16,

1920, p. 520.

THE GENERAL TREND OF DIESEL MARINE
MACHINERY.

According to an editorial in Engineering, there is at the pres-

ent time no problem concerning the minds of our marine en-

gineers to a greater extent than that of the application of the

Diesel oil engine to marine propulsion.

Statistics, as far as they are available, and without any
data as to German construction, show that in the field of ships

of greater dead-weight capacity than 2,000 tons, considerably

more than 150 are on order and in course of construction at

the present time and destined to be fitted with marine Diesel

engines.

In the list of countries where this kind of work is done

Denmark occupies the first place, the United States of America
the second, and Great Britain the third, but it is claimed

that the position of Great Britain is rapidly being improved.

A review of the type of engine being constructed goes to

show that the simple single-acting, 4-stroke cycle engine is

largely preferred today, and of the vessels built only some 12

per cent are to be fitted with engines of the 2-stroke cycle type.

Moreover, almost half of the 2-cycle engined ships are single

screw, whereas 90 per cent of the 4-stroke cycle machinery is

of the twin screw variety. Of all the motor vessels over 80

per cent are fitted with twin screws.

The 2-stroke cycle engines comprise the opposed piston

types at present exclusively built in Britain, the supercharg-

ing port scavenging engine originated in Switzerland and

being built now chiefly in Switzerland and Italy, and the

valve scavenging engine which is now retained by only one

French constructor. In America very few 2-cycle Diesel

engines are in the course of construction, and Sweden, Den-

mark and Holland are solidly in favor of the 4-stroke cycle

engine.

In Britain not only is the greatest variety of type evidenced,

but also the largest engines are being constructed, the most

powerful, the 4-cylinder opposed-piston two-stroke engine of

750 b.hp. per cylinder. The clyinder diameters are 580 mm.
and the stroke 1,160 mm., and the engine develops, at 70

revolutions in the four cylinders, a total of 300 b.hp. The
largest 4-cycle engine being constructed in Britain, and also

elsewdiere, has cylinder diameters of 740 mm. by a stroke

of 1,150 mm., and runs at 115 r.p.m., developing over 3,500

b.hp. in eight cylinders. The 2-cycle engines are of four and

six cylinders—generally of four cylinders— and the 4-cycle

engines have six cylinders with a few exceptions where eight

cylinders are employed to give the desired high power*

The British policy of trying out all types of engine is cer-

tain to lead in the end to a very favorable position, and is a

very bold policy to be commended in view of the leeway

which had to be made up and the lead unquestionably held by

the earlier constructors of 4-cycle engines. The unfortunate

and unlikely event of failure with any of the newer types

cannot now, in view of the varied and long experience al-

ready piled up to the good, be taken as evidence sufficient to

condemn this prime mover in respect of its suitability for

marine work.—Engineering, Vol. 109, No. 2836, May 7, 1920,

pp. 617-618.

MECHANICAL SCREENLESS AIR FILTERS.

There are four ways of filtering air. One is to pass it

through a screen so fine that the dust will be kept out.

The second way is to pass it through a liquid, which, in this

case, acts as a screen of infinitely fine mesh. The third method

is to pass the air through an electrical screen, the mesh of

which is constituted by lines of electric force. This is the

Cottrell system of dust precipitation which is very effective

under certain conditions. The fourth way is to interpose in

the path of the flowing air mechanical obstacles which will

not interfere to any very material effect with the flow of air

itself, but will cause precipitation or separation of the

heavier particles such as dust. A number of devices belong-

ing to this fourth class are described in the present article.

In the air filter of the Balcke Machine Co. of Bochum, Ger-

many, Fig. 1, the air flows between several rows of vertical

wooden planks staggered and located at angles of 45 deg., with

respect to each other, as shown in the drawing. Because

91
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of the frequent changes of direction the dust particles are

projected against the wooden planks and washed off them

by the water flowing over their faces. Because of this ar-

rangement, it is necessary to clean the planks. Fig. 2 shows

a Balcke cleaner capable of handling 24,000 cu.m. of air per

minute.

Water is raised to the top of the cleaner by pump A and is

distributed over the planks N by the trough B and hopper C.

The water is accumulated at D and may be used for purposes

where the presence of dirt in the water is not injurious.

PIG. 1. BALCKE AIR FILTER (SECTION THROUGH
THE PLANKS)

Back of the wet planks N are located several rows of dry

planks T, the purpose of which is to catch the water particles

carried off from the wet half of the filter. It has been found

in practice that these planks remain very nearly dry, a good

indication that the use of the wet filter causes only an insig-

nificant increase in the humidity of the air. Measurements

have shown that with fairly dry entering air there is an in-

crease of humidity of from 3 to 6 per cent, and when the

humidity of the entering air is considerable, there is practi-

cally no increase of humidity.

Air filters of this type are mainly used for cleaning air

employed for purposes of cooling, since there the variation

of humidity is of lesser importance

than, for example, with air com-

pressors. As advantages for this

type of filter are claimed the low

resistance in the filter, the elimi?

nation of filter cleaning and the

absence of fire danger from the accu-

mulation of dry dust.

The next mechanical air filter de-

scribed is the Viscin filter of the

German Air Filter Construction

Co. of Berlin. The active part of the

Viscin filter consists of a frame

filled with so-called Racing rings of

about 14 mm. height and the same
diameter. These rings are wetted

with a liquid called Viscinol, which

is claimed to be very sticky and lit-

tle subject to deterioration. This

type is not described in detail as

its operation is evidently dependent

on the use of a particular liquid

employed for wetting the rings.

The Moeller filter (Fig. 3) built

by K. and Th. Moeller of Brack-

wede, Germany, consists also of a

frame filled with Racing rings,

Inn in this instance the rings are not wetted.

The air enters through a perforated sheet iron wall A, its

velocity in the chamber B is considerably reduced and there

occurs further a sharp change in direction of flow which

causes the precipitation of the larger particles of dust. The
medium size particles of dust are held back by the screen C.

E is a horizontally located container, filled with Rachig rings

which bold back the finest particles of dust. The air comes

FIG. 2. BALCKE AIR
FILTER IN SECTION

out at F. Because of the three-stage method of separating

the dust, namely, at D, C and E, a high degree of filtering is

obtained notwithstanding the fact that no wetting of rings is

resorted to. On the other hand, the dimensions of the air

filter have to be made larger than in wet filters. Also the fil-

ters have to be cleaned every two or three months.

Strictly speaking, the Moeller filter does not belong to the

class of screenless filters as a screen is used. It performs,

however, a secondary function.—Stofflose Luftfilter, by Ernst

Preger, Werkstatts Technilc, Vol. 14, No. 3, Feb. 1, 1920, pp.

71-73.

CHANTRAINE METALLURGICAL FURNACES
Description of the new type of furnace in which combustion

is carried on by means of a large number of separate jets

of fire.

In conventional metallurgical furnaces the firing is effected

by means of flame obtained through a simultaneous admission

of the air and gas. With these systems the high temperatures

needed for the metallurgical process can be maintained only

in certain definite sections of the furnace, which, because of

this, has a very variable regime throughout the combustion

chamber and this leads to trouble, both as a result of the

irregularity of distribution of heat and because of oxidation.

It is claimed that the system described in this article, which

the author calls "polymultiple" flame combustion avoids these

defects.

FIG. 3. MOELLER AIR FILTER

The following are the characteristic features of the Cban-

traine method

:

1. The reservoir of hot air usually produced by making the

roof of the combustion chamber double and providing for an

interspace through which pass the conduits leading the air

to the combustion chamber from the hot air recuperator.

2. A number of orifices provided in the lower roof of the

hot air reservoir, these orifices acting as tuyeres to admit

the air to the combustion chamber.

3. A sheet of combustible gas floating under the perforated

roof of the combustion chamber; this sheet of gas is fed in

solely and continuously through gas conduits from the gas

producers.

4. A continuous apparatus for recuperating the combustion

chamber waste heat employed for a preliminary preheating of

the secondary air.

The operation of the system is based essentially upon the

following: The air under pressure whether natural or arti-

ficial passes through the multiple tuyers and then through

the sheet of gas solely and continuously fed to the roof of

the combustion chamber: in doing this, the air creates a

bundle of flaming darts, a compact bundle directed towards

the material to be heated. The products of combustion are

exhausted solely by the pressure in the combustion chamber.

The theory of this system of combustion is as follows: If a
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jet of gas passes into the air as happens in conventional sys-

tems, combustion occurs on the periphery of this jet and this

periphery produces heat radiation, the majority of which pass

into the air which is diathernios while the commercial com-

bustible gas is athernios.

On the other hand, if a jet of air is made to penetrate into

the atmosphere of ordinary combustible gas so as to produce

the same number of calories per second, the periphery of the

jet also emits heat and light radiations and a great

nance costs. This construction is particularly suitable for

reheating furnaces, for steel melting furnaces, etc.

—

Le Genie

Civil, Vol. 76, No. 14, April 3, 1920, pp. 336-337.

FIG. 4. CIHANTRAINE "POLY1MULTIPLE FLAME
METALLURGICAL, FURNACE

majority of the heat radiations go into the air of the jet pre-

heating it all the more the less air there remains for the

oxidation of the gas, which latter is athermos. As a result

of this, the tip of the flame of air in a gas atmosphere is many
times hotter than the tip of the flame of gas in an air atmos-

phere and the combustion even with the low initial temper-

ature is practically perfect with the minimum excess of air,

while in the opposite process (a jet of gas going into the

atmosphere) the excess of air must be very large.

Furthermore, in conventional furnaces the radiation spreads

equally on to the roof and the side walls as well as on the

floor of the furnace and the matter located thereon. In poly-

multiple flame furnaces, the sheet of gas floating against the

roof protects it as well as the walls against the radiations

from the bottom of the furnace and the welding material.

Also since the roof of the furnace is equipped with a num-
ber of orifices through which the constant flow of air takes

place, the refractory material of the roof is never permitted

to attain a temperature high enough to soften it or weld it.

The uniformity of temperature distribution in the furnace is

secured because each jet projects on to the part of the flow

whereon it radiates a certain number of calories.

The analysis of exhaust gases, obtained when this system
was employed for given contents of carbon dioxide very

closely approaches the theoretical maximum. This fact is

explained in the following manner. As the tips of the jets of

air are very highly superheated, they use up all the oxygen
which they contain during the passage through the fairly

stagnant and thick sheet of combustible gas, the temperature

of which grows as the flame nears the flow of the furnace.

Fig. 4 shows the general construction of the Chantraine
furnaces.

As regards the temperatures obtainable with this system,

it is stated that the temperatures at the tip of the individ-

ual jets are closed to the theoretical temperature of combus-
tion. Since the jets cannot radiate their heat through the

sheet of gas through which the air flows all the heat is re-

tained and is used to raise the final temperature of combus-
tion.

In ordinary furnaces a certain amount of metal is used
through oxidation. In the Chantraine system the metal is

separated from the oxidizing agents by a thick and uninter-

rupted sheet of neutral gases (products of combustion) the

oxygen of which has been completely neutralized during the

passage of the flame through a very hot sheet of reducing

gases. This oxygen itself having been heated to an exceed-

ingly high temperature. Furthermore, the pressure existing

in the combustion chamber prevents the possibility of the en-

trance of outside air. It is claimed that fuel economy as

compared with conventional types of furnaces may be secured

as high as 40 per cent with lower metal losses, lower mainte-

THEUST BORING IN EARTH
Description of a machine invented by Capt. A. R. Mangnall

and made by a British company. It is claimed that this

machine will pierce a hole 4 in. in diameter and 150 ft. long

horizontally through heavy clay in half an hour. It is in-

tended for cable laying, pipe laying, drainage or similar work.

The machine is in a sense an outcome of the war. Several at-

tempts were made to devise an apparatus which could be

started from our own trenches and bore under those of the

enemy holes for mining and counter mining. The action

of the machine can best be compared with that of thrusting

a stick into clay. The machine consists of a hydraulic cylin-

der of steel tube, carried on trunnions in a light steel frame.

Inside the cylinder is a short piston with hinged guiding

lingers.

This "gun" complete on its framework is dropped into a

pit dug into the ground to the depth required, a plate at the

hack of the framework or carriage pressing against a few

timbers to distribute the load. The cylinder is connected by

flexible pressure pipes to a little three-throw pump driven

by a gasoline engine. The exhaust water returns to the sump
from which the pump draws. The operation of thrust boring

is begun by turning the gun up to a vertical position and

dropping the "pilot" into it. The gun is then turned down
and clamped in position, and hydraulic pressure is admitted

behind the piston, pressing the pilot horizontally into the

soil. The stroke being completed, the admission valve is

closed and the exhaust valve opened—by one and the same

lever—the gun is raised to the vertical and the first exten-

sion piece pressed into it. The exhaust water is then re-

turned to the sump. The three guide fingers referred to keep

the base of the extension piece in a central position. The

FIG. MANGNALL EARTH THRUST BORER—SIDE
ELEVATION AND PLAN VIEW

gun is again placed horizontally, and the extension piece is

attached to the end of the pilot, by a simple pin joint. The
pressure is put on again, and the pilot driven forward another

four feet. Then the same operation is repeated, extension

piece after extension piece being added until the pilot breaks

through into a pit at the far end—150 feet away. The pilot

is then uncoupled and lifted out of the pit, and the extension

pieces are withdrawn and uncoupled one by one. The whole

operation of raising the gun, inserting an extension piece,

lowering the gun, fixing the pin point, and thrusting the piece

home occupies less than one minute.
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The joint is extremely simple and ingenious. The extension

pieces are tubes about 2% in. diameter for a 4-in. hole, with

muff couplings at the leading end. Through each coupling

is drilled a pair of opposite holes ; through the other end of

each piece is drilled a corresponding pair of holes, but of

smaller diameter. The pins are turned to fit the smaller holes

freely, but at each end are reduced in diameter so as to leave

a shoulder. The operator brings the holes opposite each other,

slips the pin in position, and dabs a little bit of clay round the

end. It is found that the clay locks the pins effectively, and

that they never fall out. The withdrawal of the extension

pieces is easy, since their diameter is a good deal less than

that of the hole. The method generally employed is to attach

a rope to the last piece and carry it round a pulley. Two
or three men on the surface can then pull the whole chain of

extension pieces back until the next joint is reached. The
operation is repeated until the operator in the pit can pull

the rods back without assistance. An alternative method is

to turn the gun up to a vertical position, and by means of

suitably arranged ropes and pulleys employ it like the cylinder

of an hydraulic crane.

—

The Engineer, Vol. 109, No. 3354, April

9, 1920, pp. 369-371 and 370.

Progress in Mining and Metallurgy
Abstracts of Papers To Be Read at the Fall Meetings of the A. I. M. M. E.

Prepared Under the Auspices of the American Institute of Mining and Metallurgical Engineers

NATURE OF COAL.

By J. E. Hackfoed.

In some experiments conducted on petroleum and derived

bitumens, results have been obtained which bear on the funda-

mental nature and origin of coal and the relationship between
coal and petroleum.

The elucidation of the nature of a body like coal that is only

sparingly soluble in solvents and cannot be made to yield

crystalline derivatives without previous violent manipulation

has naturally presented no little difficulty. During the past

five years a large amount of work: respecting the nature of coal

has been accomplished by numerous investigators.

These investigations have been mainly along two lines, one,

the examination of solvent extracts, and the other, the study

of the products of low-temperature distillation. Briefly, these

investigators have shown

:

1. That by low-temperature distillation, and by the exami-

nation of solvent extracts, paraffine, defines, and naphthenes

have been isolated and identified.

2. That the tar distilled from coal at high temperatures is

a decomposition product of coal tars previously formed at low

temperatures.

3. That the cellulosic compounds present in coal result in

the formation of phenols upon dry distillation.

4. That the temperature at which coal was formed cannot

have approached 300 °C.

The following theory as to the mode of formation and nature

of coal is put forward, comparing it at the same time, for the

sake of clearness, with the mode of formation of oil.

First, consider a stratum containing a deposit of either

animal remains or marine vegetation. These substances, on

decomposition, form oil and gas which, if contained in a

sandy bed, are swept away from their source by either gravity

or water as rapidly as formed, since neither the animal re-

mains nor the marine vegetation contain cellulosic material

capable of forming a spongelike mass, which would hold the

oil im, situ during the composition stage.

Secondly, assume a buried deposit of terrestrial vegetation.

Decomposition takes place, resulting in the formation of oil

and gas, as in the case of the marine vegetation. However,

owing to the cellulosic nature of the material and its porous,

spongy nature, the oil is kept in situ while decomposition

proceeds. Accompanying this decomposition, there is probably

a rise in temperature, which even if not above 100°C, is

quite sufficient, as we have proved in the laboratory, to con-

vert into kerotenes the oxy- or thioasphaltenes that are simul-

taneously formed with the oil. As the process goes on, the

kerotenes become more and more insoluble until they are in-

soluble in pyridine and quinoline and so remain as a solid in

the spongelike mass afforded by the cellulosic structure of the

terrestrial vegetation.

The main differences between the so-called coals and true

coal rests in the fact that they possess no cellulosic residue,

which upon distillation can produce phenols, as in the case

in true coals. It is conceivable that a kerite produced from

microscopic vegetal remains containing some cellulose—but

not in sufficient quantities to act as a sponge—would yield

phenols on dry distillation ; this would be but another con-

necting link between coal and petroleum.

Petroleum oils, such as occur in nature, are clearly not de-

rived from coal ; but given a quantity of vegetal material,

petroleum may be produced under a given set of circum-

stances if no cellulose is present and coal will be formed if

the vegetal matter contains sufficient cellulose to form a

sponge.—To be presented at St. Louis Meeting, August, 1920.

MODERN COMMERCIAL EXPLOSIVES AND THEIR USES.

By A. J. Stkane, E.M.

Explosives may be classified as those that burn and those

that detonate. Explosives of the first class include black

blasting and smokeless powder, and are broadly known as low

explosives, or propellants, because they merely burn and do

that comparatively slowly. Their action is as if some power

behind the projectile or other material were exerting a shoving

or pushing action. The high, or detonating, explosives produce

a smashing or shattering effect upon the material.

In using military explosives of the propellant class, the

breach of the gun, or cannon, is proportioned to hold the

pressure, so that the projectile will be blown out. Exactly

the reverse is true in commercial work ; then it is the "breach"

or the hole that is to be broken. Therefore, the projectile and

the explosive that will rupture the largest "breach" possible

are chosen. With the high explosives, it is easy to break out

the breach, but with some of the low explosives it is necessary

to plug up the muzzle very carefully before shooting.

Doubtless the use of incendiary mixtures of oxidizing and

combustible materials led, in the 13th century, to the perfec-

tion of the mixture which is practically the same as our com-

mercial black blasting powder of today. About 600 years later,

nitroglycerine was discovered, but for years its great potential

energy could not be used because, in its liquid state, it could

not be safely handled or transported. The accidental discov-

ery that kieselguhr would absorb, and hold fairly well, three

times its own weight of nitroglycerine, however, made it

available.

"Guhr dynamite," as the combination nitroglycerine and kies-

elguhr was termed, was soon displaced by dynamites having

an active base, such as wood pulp and other carbonaceous

combustible materials. These do all that kieselguhr will do

and, in addition, increase the chemical reaction and add ma-

terially to the effectiveness of the blast.

An accident is said to have led to the discovery that gun-
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cotton will cause the solidifying or gelatinization of nitro-

glycerine under certain conditions. This discovery gave us

"blasting gelatine," which is taken as the standard for 100

Iter cent explosive since its composition is practically 92 parts

nitroglycerine and S parts guncotton, with a small amount of

antacid.

The commercial explosives of today are: Nitroglycerine;

Masting gelatine; straight nitroglycerine dynamites of va-

rious strengths; straight nitroglycerine gelatines of various

strengths; extra or ammonia dynamites and gelatines of va-

rious strengths; low-freezing explosives of the above grades;

permissible explosives, or coal-mine powders, of various

strengths and physical properties; miscellaneous explosives,

having special advantages for special work ; non-freezing or

non-nitroglycerine explosives; and black blasting powder of

various sizes.—To be presented at Lake Superior Meeting,

Aug. 23-28, 1920.

A REFLECTING MICROSCOPE FOR THE MINING
ENGINEER.

By W. Myron Davy, D.Sc.

For more than a decade the use of the metallographic mi-

croscope for examining ores has been increasing, but most

mining men have been slow to realize the positive value of

Ibis instrument in their daily work, because simple and easily

applied directions and. what is more important, light, com-

pact, and inexpensive equipment have not been available. The
simplest microscope obtainable is intended for laboratory use

and is much too bulky for the average field equipment ; at

present it costs about one hundred dollars for the instrument

alone. Methods previously described for polishing specimens

have necessitated electrically driven lap wheels, which are

found only in permanent installations. It is small wonder
that the subject has been looked upon as being too involved

lor the field.

To overcome the difficulties enumerated, the author has

designed an outfit that has proved very useful. It consists

of a microscope, which is of the simplest construction and

which weighs complete only 8 ounces. The magnification ob-

tainable is about 75 diameters, which has been found to be

well suited to average work of all kinds ; but this can be

varied within wide limits by changes in the ocular and ob-

jective, which are of the general type common in most metallo-

graphic microscopes.

POLISHING THE SPECIMEN.

The materials for hand polishing include a coarse carborun-

dum grinding stone, a square plate of glass, linen, a chamois-

covered block, and tins of polishing powders. The entire

outfit is compactly packed into a small case, which forms a

handily included piece of field equipment.

To prepare a specimen for examination, a surface % to 1

inch square is chipped as flat as is convenient with a hammer
and then ground to a plane surface upon the cutting stone.

All grinding and polishing, except on leather, is done wet,

care being taken that the specimen does not become heated

because the sulfides undergo alteration under the heat of ex-

cessive friction. All rubbing is done in a circular path to pre-

vent parallel scratching and grooving of both the specimen and
the polishing surface. After careful washing, the specimen is

ground upon the plate glass, using a thin paste of optical

alundum (the finest artificial abrasive) and water.

EXAMINATION OF THE SPECIMEN..

For examination, the polished specimen is pushed into the

lump of modeling clay in the leveling tube. The tube, with

its base, clay, and specimen, is inverted and pushed firmly

down on any level surface, thus bringing the polished sec-

tion flush with the top of the surrounding tube.

Tests for hardness, sectility, color of powTder, chemical be-

havior, etc., may be applied. The microchemical tests are by

far the most important and should be applied with care and
uniformity. The reagents used in identifying the minerals

on a polished surface are

:

HN03 , one part concentrated acid (sp. gr. = 1.42) and one
part water.

HC1, one part concentrated acid (sp. gr. = 1.19) and one

part water.

KCN, 20 per cent solution in water.

FeCh,, 20 per cent solution in wafer.

HgCla ,
saturated solution in water.

KOI1, saturated solution in water. These reagents are con-

veniently applied to the polished surface by the use of a

pipette with a fine capillary opening and fitted with a small

rubber bulb.

APPLICATION 01 THE FIELD MICROSCOPE.

This out lit finds its most useful application among mining

engineers and geologists in the examination of ores. Complex
sulfide ores consisting of several finely intergrown minerals

are common and the identity and relations of these minerals

can be determined only with the reflecting microscope. It

may be argued that an exact knowledge of the mineralogical

composition is unessential to a mining man, but the thinking

engineer wants all the facts possible upon which to formulate

his working theories. The examination of a few well-chosen

polished sections may reveal the nature of the processes that

have deposited or altered and enriched a deposit which could

be determined by no other method of investigation. Such

knowledge of the processes of ore deposition, both primary and

secondary must form the basis for every intelligent system

of development.

A rapidly growing field of application for microscopic equip-

ment is that of milling and concentrating. Tests of new ores

to determine proper treatment are conducted in the dark, due

to imperfect knowledge of the character of the material

treated. Ore dressers can direct work with greater pre-

cision and despatch if they know the exact nature of the ore,

the identity of each mineral, and consequently the distribu-

tion of each metal, the relation of the minerals to each other,

and the maximum, minimum, and average size of grain of each

constituent.

Furthermore, at any point on the flow- sheet the exact char-

acter of the concentrate, middling, or tails produced can be

determined with ease by sprinkling the powdered material

upon a piece of paper, covering with molten sealing wax, and

polishing as any other specimen. This true cross-section of

the grains will yield an accurate estimate of the size and pro-

portions of included particles, if such are present, and the

outline of each separate mineral is clearly distinguishable,

though a microscopic grain be an intergrowth of several con-

stituents.—To be presented at Lake Superior Meeting, Aug.

23-28, 1920.

EFFICIENCY OF USE OF OIL AS FUEL.

By W. N. Best.

This paper is not intended as a scientific discussion of the

combustion of oil but is written from the standpoint of an

operator who has the experience and qualifications necessary

to guide others in producing the most economic results in the

use of liquid fuels. In this paper, oil usually means petro-

leum or its products, but incidental reference is made to all

liquid and gaseous fuels, so that the term may be considered

as referring to all liquid and gaseous hydrocarbons in com-

parison with solid fuels, as coal and wood.

In New England and along the Atlantic coast, where the

boiler horse-power is large, oil fuel is very attractive, for one

man can fire and water-tend twelve 300 hp. boilers. This

fuel responds immediately to the will of the operator in meet-

ing peak or fluctuating loads. The fire room is clean and

sanitary, dust from coal and ashes being eliminated. There

is practically no loss in fuel, as only a small part of the oil in
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the storage tank is heated, anil that just enough for it to be

pumped readily from the storage tank to the supply tank.

The handling of the fuel is inexpensive, and it is speedily de-

livered from the oil tank or tanker. There are, however,

certain fundamental principles that must always he ob-

served in making crude-oil installations.

The temperature of the fuel and the method of supply are

especially vital points. Oil below 20° Be should be heated to

just below its vaporizing point ; steam should always be used

for this purpose, as it gives a very accurate temperature.

Thermometers should always be used, for heating fuel ac-

curately and uniformly every day results in the greatest

efficiency.

Supply lines should lie so laid as to insure the constant

circulation of fuel through all the oil-supply pipes from the

pump to the burners. A pressure relief valve should always

be placed at the farther end of the burner installation, and the

overflow pipe should always return the unused fuel to the

supply tank.

TYPES OF BURNERS.

Numerous oil burners are on the market but the three types

most common are : The external atomizing type, which is

largely used in locomotive and stationary boilers and in large

furnaces; the internal atomizing type, which is chiefly used

on small furnaces; and the mechanical type of burner used on

ocean-going vessels, requiring no steam for atomizing, which
forces the oil at high pressure through a small aperture, thus

making a funnel shaped flame.

When purchasing atomizing burners, several points should

always he considered.

1. The burner must not carbonize. A burner that carbon-

izes should be scrapped at once, as it is not dependable, is

wasteful of oil, and requires a great deal of care and attention.

Such a burner reduces the burning of oil from a science to a

continuous hazard and care.

2. The oil and steam orifices should be independent of each

other so that excessive oil pressure is not required, and in

order that no cutting effect is produced when burning oil

containing residuum or sand.

3. The burner should be so constructed and filed that it

will produce a flame of sufficient length and width to fill the

combustion chamber of the furnace or firebox of boiler
; just

as perfectly as a drawer fits into its opening in a desk.

4. The oil surface should be large enough to permit free

exit of heavy oils and tars therefrom, and the atomizer open-

ing should be as small as possible in order to reduce to a mini-

mum the amount of steam or compressed air used for the

atomization of the fuel.—To be presented at St. Louis Meeting,

August, 1920.

Correspondence
The editor is not responsible for statements made in the

correspondence column. Anonymous communications can-
not be considered, but the names of correspondents will

be withheld when so desired.

THE ORIGIN OF VOLCANOES.

To the Editor of the Scientific American Monthly :

In the April number of the Scientific Monthly there is

an article, "The Ballistics of Volcanoes" with which I disa-

gree and the reasons for which are submitted herewith. The
theory that the steam from volcanoes is due to the penetra-

tion of sea water into highly heated or molten rocks is a fallacy

because the resulting steam could never have greater pres-

sure than the weight of the column of water and volcanic pres-

sures greatly exceed this. Also the specific heat of the water

is so much (five times) greater than the rock that the

heat could not be extracted from the rock without cooling five

times the weight of rock, which would certainly prevent

fusing any of the remainder portion. The article entitled "Is

the Earth Expanding or Contracting?" published in the May
number of Popular Astronomy [This is republished on page 7

of this issue.—Ed.] will give a more probable solution of the

volcanic problem.

The pit craters on the moon are certainly not formed

in the manner suggested by the sketch on page 295 because

ejected matter falls near the crater and especially the coarse

material, and builds up a cone instead of a pit as indicated.

The pit crater rings on the moon and also the Halemaumau
pit on Kilauea are formed in the manner shown in the accom-

panying sketches.

Sounding taken at the active pit in Kilauea have shown

that it is very shallow except at the points where the gases

are fountaining and causing the greatest amount of agita-

tion. The gases are evidently the source of the heat which

keeps the lava molten and in circulation in the pit. The

same lava is caused to move around and round in the pit

and does not overflow the rim of the pit except at the times

of unusual escape of large amounts of gas. These gases

according to analysis published in July, 1919, Bulletin of the

Hawaiian Volcano Observatory, were on the average over

75 per cent water but the water is not of marine origin as

shown by its composition. Also how could steam generated

from sea water at sea level lift lava up to the crater in

Kilauea 4,000 feet above sea level. The thing is absurd and

impossible.

Photographs of the moon show large members of these pit

craters which are of immense size as compared to the

few known on the earth. The reason for this is that erosion

has cut down the craters on the earth and the material at

present on the surface has been worked over 20 to 30 times

as shown by Salisbury in the Journal of Geology to get the

amount of salt at present in the sea. Salisbury estimated that

20 to 30 times the amount of the continental masses above sea

Souece Of- Gases

FIG. 1. CIRCULATION OF LATA DUE TO HEAT OF GASES

HALEI1AUMAU
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SECTIONAL VIEW. SHOWING THE HALEMAUMAU
IUT ON KILAUEA

level would be required to yield the salt in the sea. Atten-

tion is called to the large unnamed crater ring 500 x 650

miles in the moon of which the Apennines and Alps are a

part and Mare Imbriuin is the floor. The smoothness of these

crater floors indicates a high degree of fluidity and points to a

time when the whole surface of the moon was incandescent.

Small crater rings inside larger ones indicate a progressive

decline in volcanic action as the supply of gas was exhausted

and the absence of an atmosphere on the moon is probably

due to lack of gravitational pull sufficient to overcome the

atomic energy of the gases. At all events the moon shows no

signs of over being subject to erosion.

New York. Hiram W. Hixon.
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The Open Road
THE powerful torpedo planes built by the

Glenn L. Martin Company for the Navy
are almost as independent of weather as

the fleet they supplement.

Col. Hartz, of the Army, circling the rim

of the United States, 9,823 miles, in a Martin

Bomber, made a pioneering trip of ease and

luxury compared with our forefathers' in the

Mayflower.

The Glenn L. Martin mail planes have

helped demonstrate the economy of Aerial

Mail Service. The yearly saving between

Washington and New York is estimated at

$42,500; between New York and Chicago-
more than $100,000.

The Glenn L. Martin Company is now
ready to serve Commerce with faithful assur-

ance—fast express, freight and passenger

service.

As the bird flies—is the open road of the

future—the route of least resistance. Far see-

ing business men may insure now against

costly delays. For information and estimates

write

THE GLENN L. MARTIN CO.
CLEVELAND

Contractors to the U. S. Army, Navy and

Post Office Department
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ANNOUNCEMENT
Much as we regretted it, we were obliged last July to an-

nounce the suspension of the Scientific American Monthly
for the months of August and September owing to

the serious paper situation. We are glad to resume publica-

tion with the present issue aud trust that there will be no
further interruptions. Our readers will have their subscrip-

tions extended for two months to make up for the missing

issues.

We regret that we must announce at this time an increase

in the subscription price of the Scientific American Monthly.
This is a necessity imposed upon us by abnormal conditions in

the publishing business. At present prices and under present

conditions our publications can be produced only at consider-

able loss. Our manufacturing costs, barring the single item

of paper, have increased 200 per cent ; the cost of paper since

the beginning of the war has increased 300 per cent, postage

under the zone legislation has increased 200 per cent. Like

most other publishers, we hesitated to take the drastic

action necessary to meet these increases, until it had become

entirely clear that it was a permanent rather than a tem-

porary condition that faces us. Stabilization of business on

a new basis has gone sufficiently far for us to be assured now
that this higher level of costs will not be materially abated,

at least for a long time. In company with conservative pub-

lishers everywhere, we therefore find it necessary now to

readjust the selling price of our product to conform with the

new conditions.

From this date the price of the Scientific American

Monthly will be advanced from five to seven dollars, annual

subscription, and from 50 to 60 cents per copy.

Despite the serious handicaps imposed upon the publisher

we have endeavored to maintain the Scientific American

Monthly at a high standard and hope to improve it still

further in future issues. Suggestions and constructive criti-

cism from our readers are welcomed.

LETTING LIGHT IN THROUGH THE EARS
An invention which gives promise of being quite the most

remarkable so far developed by man and one which is of the

utmost importance to the blind is the type-reading optophone.

This marvelous instrument actually reads ordinary printed

matter and it reads it aloud very slowly or comparatively

rapidly according to the will of the sightless hearer. Of

course, it does not speak any hitherto known language but

as its mechanical eye sweeps over the printed type, it utters

musical sounds which vary with each letter, so after the

blind hearer has learned this new musical language, he can

readily understand what the optophone is saying.

Of course, the mechanical eye is a selenium cell which
bridges a gap in a telephone circuit. As our readers doubt-

less know, the electrical resistance of selenium is varied by
its exposure to light; the more intense the light, the less the

resistance. The selenium cell, therefore, acts as a light-

operated valve to control the flow of current through a cir-

cuit. If a pulsating light strikes the selenium bridge, a pul-

sating current will pass through the telephone receiver, pro-

ducing a sound which may vary all the way from a ticking

noise up to a high musical note, depending upon the fre-

quency of the pulsations.

Some years ago it occurred to Dr. E. E. Fournier d'Alhe

that by means of the selenium cell, he could let light shine

into the black world of the blind through their ears. Next
to sight, hearing is the most delicate sense possessed by man.
When deprived of eyesight all the other senses are acutely

developed particularly the sense of hearing and Dr. dAlbe
sought to make the ears of the blind take the place of their

eyes. His first aim was to produce au instrument which

would enable a blind man to distinguish objects around him,

as we do with our eyes, by noting the various shades of

light reflected by such objects. The outcome of his experi-

ments was the optophone. In this instrument, he used a

selenium cell to control the current passing through a tele-

phone receiver. This current was interrupted by means of

clock driven mechanism so as to produce a buzzing noise in

the receiver. With it the blind operator could distinguish

shades of light by the loudness of the buzzing sound.

This was a rather crude attempt at converting sight into

hearing. Since then, however, Dr. dAlbe has perfected the

optophone with the special purpose of enabling the blind to

read ordinary type matter. The inventor's own description

of his instrument may be found on page 109 of the present

issue and it will be seen that the instrument is a decided

success. It has been tested out in actual practice and a

number of blind operators are now able to read any ordinary

printed matter. The optophone has opened up to them the

whole of the world's literature.

However the possibilities of the selenium cell have not yet

been fully realized. Now that the blind are enabled to read

by ear may not further experiments be performed along the

lines of the first instrument so as to give audible vision to

the sightless? It is quite conceivable that an optophone in-

stead of being provided with a single celled eye may be

furnished with a mosaic of selenium cells in much the same

way as the retina is composed of light-sensitive rods and

cones. In this way the world of color might be translated into

a world of music and the blind would be enabled to see with

their ears.
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Setting the Tides to Work*
Discussion of Various Plans for Utilizing Tidal Power

THE idea of utilizing the rise and fall of the tides for

power purposes has long been a favorite one. Up to

the present, however, no power development of this

kind, of any appreciable size, has been carried out. The com-
paratively recent arousing of interest in waterpower devel-

opment in general, and the great advance in the cost of fuel,

have been accompanied by a corresponding interest in tidal-

power schemes, and their commercial possibility is at the

moment the subject of serious investigation.

The power which may be developed from a tidal basin of

given area depends on the square of the tidal range, and since

the cost per horsepower of the necessary turbines and gen-

erating machinery increases rapidly as the working head is

diminished, the cost per horsepower of a tidal-power installa-

tion, other things being equal, will be smallest where the tidal

range is greatest. It is for this reason that the western, and
especially the south-western, coast of Great Britain, and the

western coast of France, are particularly well adapted for

such developments, since the tidal range here is greater than
in any other part of the world, with the possible exception of

the Bay of Fundy, Hudson's Bay, and Port Gallelos, in Pata-

gonia.

In Great Britain the highest tides are found in the estuary

of the Severn, the mean range of the spring tides at Chep-

stow being 42 ft., and of the neap tides 21 ft. In France the

maximum range occurs at St. Malo, where it amounts to 42.5

ft. at spring tides, and about 18 ft. at neap tides. The tidal

range in the Dee is 26 ft. at springs, and 12 ft. at neaps,

while the mean range of spring tides around the coast of

Great Britain is 16.4 ft., and of neap tides 8.6 ft.

Many schemes of tidal-power development have been sug-

gested from time to time. Briefly outlined, the more promising

of these are as follows

:

(a) A single tidal basin is used, divided from the sea by a
dam or barrage, in which are placed the turbines. The basin

Lev e u

FIG. 1. WORKING PERIOD WITH SINGLE TIDAL BASIN,
TURBINES OPERATING ON FALLING TIDE

is filled through sluices during the rising tide. At high tide

the sluices are closed. When the tide has fallen through a

height the magnitude of which depends on the working head
to be adopted, the turbine-gates are opened, and the turbines

operate on a more or less constant head until low tide. The
maximum output from a given area of basin is obtained when
the working head is approximately one-half the tidal range,

and the cycle of operations under these conditions, and with a

constant rate of fall in the tidal basin, is shown in Fig. 1.

Here the dotted sine curve represents the level of the sea on

a time base. The working period extends from A to B.

(b) A single tidal basin is used, with the turbines operating

on both rising and falling tides. The cycle of operations is

now indicated in Fig. 2. The working period per complete tide

extends from A to B and from C to D. Slightly before low

water, at B, the basin is emptied through sluice-gates, and at

D, a little before high water, the basin is filled through the

sluice-gates. With a working head equal to one-half the tidal

range, the period of operation is approximately 50 per cent

greater than in system {a), and the work done per complete

tide is approximately 50 per cent greater.

(c) A single tidal basin is used with the turbines operating

on both rising and falling tides. Instead of filling and empty-

ing the tidal basin through sluice-gates at high and low water,

and working under an approximately constant head, the water

is allowed to flow through the turbines and to adjust its own
level. Under these conditions the rise and fall inside the basin

are cyclical, with the same period as the tide, but with a

smaller rise and fall and with a certain time-lag. The range

in the basin and the time-lag depend on the ratio of the sur-

.. LE-V6.L

•Reprinted from Nature (London), June 3, 1920.

FIG. 2. CYCLE OF OPERATION OF SINGLE TIDAL BASIN,
TURBINES OPERATING ON FALLING AND RISING TIDES

face area of the basin and of the effective discharge area of

the turbines. The working head during each tide varies from
zero to a maximum. The cycle of operations is shown in Fig.

3. The working period is from A to B and from C to D, where
the head at the points A, B, C, and D is the minimum under
which the turbines will operate. The total working period

per tide is greater than with either of the preceding systems,

and the possible output is somewhat greater. On the other

hand, the variation of head during any one tide is very large.

(d) Two tidal basins of approximately equal areas are used,

with turbines in the dividing wall. Each basin communicates
with the sea through suitable sluice-gates. In one of these

basins, called the upper, the water-level is never allowed to

fall below one-third of the tidal range, while in the lower

basin the level is not allowed to rise above one-third of the

tidal range. The working head then varies from 0.53 H to

0.80 H, and operation is continuous, as indicated in Fig. 4,

which shows the cycle of operations. The upper basin is filled

from the sea through the appropriate sluice-gates from A to

B, and the lower basin discharges into the sea from C to D.

For a given total basin area and a given tidal range the out-

put is only about one-half that obtained in system (a), and

one-third that obtained in systems (o) and (c), so that, except

where the physical configuration of the site is particularly

favorable, the cost per horsepower is likely to prove very high.

(e) Two tidal basins of approximately equal size are used.

Turbines are installed in the walls dividing the sea from each

basin. Fig. 5 shows the cycle of operations. From A to B
the upper basin discharges through its turbines into the sea.

From B to E the sea enters the lower basin through its tur-

bines. The upper basin is filled from the sea through its

sluice-gates between C and D, and the lower basin is emp-

tied through its sluice-gates from F to G. The head varies

from 0.25 H to 0.62 H, and the output is some 25 per cent

greater than in system (d), but the number of turbines re-

quired is much greater than in (d!).

It is possible, at the expense of additional complication, to

arrange in each of these systems that the head shall be main-

tained constant during any one working period, but since

this means that the working head must then be the minimum
obtaining during the period, a loss of energy is involved, with

a great additional cost of construction and complication in

manipulation, and with little compensating advantage.
.
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The great difficulty in developing a tidal scheme as com-

pared with an orthodox low head water-power scheme arises

from the relatively great fluctuations in head. In any scheme
in which the working head is a definite fraction of the tidal

range, the working head at spring tides is much greater than

at neap tides. In the case of the Severn, for example, the

working head at spring would be twice as great as at neaps,

FIG. 3. SINGLE BASIN FILLING AND EMPTYING THROUGH
TURBINES, WORKING HEAD VARYING FROM ZERO

TO MAXIMUM

and the energy output per tide would be four times as great

at springs as at neaps, while at St. Malo the output would be

5.5 times as great at springs as at neaps.

Not only is the installation subject to this cyclical fluctu-

ation of head, but in any simple scheme the turbines also cease

to operate for a more or less extended period on each tide

;

and as this idle period depends on the time of ebb or flood

tide it gradually works around the clock, and will, at regular

intervals, be included in the normal industrial working day.

It is true that schemes of operation such as have been indi-

cated are feasible in which this idle period may be eliminated

and continuous operation ensured, but only at a considerable

reduction of output per square mile of tidal basin area. Even
in such schemes, unless the working head is fixed with ref-

erence to the tidal range at neap tides, the variation of head
between springs and neaps causes the output to be very vari-

able.

In any installation, then, designed for an ordinary indus-

trial load, unless the output is cut down to that obtainable

under the minimum head available at the worst period of a

neap tide, in which case only a very small fraction of the

total available energy is utilized and the cost of the necessary

engineering works per horsepower will, except in exceptionally

favorable circumstances, be prohibitive, some form of storage

system forms an essential feature of the scheme.

Various storage systems have been suggested. Electrical

accumulators must be ruled out, if only on account of the

cost, and the same applies to all systems making use of com-

pressed air. The only feasible system appears to consist of

a storage reservoir above the level of the tidal basin. When-

FIG. 4. TWO BASINS WITH TURBINES IN
DIVIDING WALL

ever the output of the primary turbines exceeds the industrial

demand, the excess energy is utilized to pump water into the

reservoir, and when the demand exceeds the output from the

primary turbines it is supplied by a series of generators driven

by a battery of secondary turbines operated by the water from
the storage reservoir.

Evidently this method is available only when the physical

configuration of the district affords a suitable reservoir site

within a reasonable distance of the tidal basin. Unfortunately

also, considerable losses are inevitable in the process, and the

energy available at the switchboard of this secondary station

is only about 50 per cent of the energy of the water utilized

by the primary turbines. Where two tidal schemes at some
distance apart differ sufficiently in phase, it is possible, by
working the two in conjunction, to reduce or eliminate the idle

period between tides, and thus to reduce the necessary storage

somewhat ; but this does not affect the necessity of storage as

between spring and neap tides.

Since storage reduces the available output by one-half, and

at the same time complicates the system, besides adding con-

siderably to the first cost and maintenance charges, the pros-

pects of tidal-power schemes would be much more promising

if the whole of the output could be utilized as it is generated.

By feeding into a distributing main in conjunction with a

large steam station or inland water-power scheme, and
delivering to an industrial district capable of absorbing a

comparatively large night load, such a state of affairs might

be realized, at all events approximately. There is also the

possibility that the intermittent operation of certain electro-

chemical processes may be developed so as to enable any sur-

plus power to be absorbed as and when available.

Owing to the relatively large variations in working head

in any simple scheme, and to the small working heads, the de-

sign of hydraulic turbines capable of giving constant speed

with reasonable efficiencies, and of moderately high speeds of

rotation, is a matter of considerable difficulty. Modern de-

velopments, however, promise much better results in both

these respects than would have appeared possible only a few
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FIG. 5. TWO BASINS WITH TURBINES INSTALLED
IN THE SEA WALLS

years ago, and turbines are in existence which are capable

of operating under a variation of head equal to 50 per cent

on each side of the mean, with efficiencies which do not fall

below 70 per cent over this range, and with reasonably high

speeds of rotation under the heads available.

Even with such turbines, the number of technical problems

to be solved before a tidal scheme of any magnitude can be

embarked upon with confidence is large. The questions of

single- versus double-way operation, of storage, of the effect

of sudden changes of water-level due to strong winds, of wave
effects, of silting in the tidal basin and of scour on the down-

stream side of the sluices, of the best form of turbine and

of generator, and of their regulation and of that of the sluice-

gates, are probably the most important, though not the only,

subjects to consider.

On the other hand, the possibilities of tidal power, if it can

be developed commercially, are very great. Assuming a mean
tidal range of only 20 ft. at springs, and 10 ft. at neaps, and

adopting the single-basin method of development with opera-

tion on both rising and falling tides, each square mile of basin

area would be capable, without storage, of giving an average

daily output of approximately 110,000 horse-power-hours. In

such an estuary as the Severn, where an area of 20 square

miles could readily be utilized with a spring tidal range of

42 ft., the average daily output, without storage, would be

approximately 10,000,000 horsepower-hours.

At the present time it is difficult to obtain an even rough

estimate of the total cost of such a scheme, owing to the un-

certainty regarding many of the factors involved. The whole

question would appear to merit investigation, especially on

matters of detail, by a technical committee with funds avail-

able for experimental work.



Green Rays at Sunset*

Explanation of the Curious Emerald Light That Sometimes Follows the Setting Sun

By Ch.-Ed. Guillaume
Correspondent of the French Institute

WHEN the sun has set and disappeared behind the

horizon of the ocean, the last witness of its pres-

ence is at times a ray of light of a brilliant emerald
green and of a very brief duration.

This is one of the most beautiful spectacles in nature to

those observers who are fortunate enough to see it under
such conditions as to occasion the exhibition in its full in-

tensity. It is rare in the climate of France, but is frequently

observed upon the waters of the eastern Mediterranean and
is almost always observable in the Red Sea.

The cause of this green ray has remained rather obscure

;

its objective reality has even been disputed, according to

which view any attempt at physical explanation is unneces-

sary, it being considered as due purely to physiological

causes ; finally, I may mention to show how extensively has
been the search for its cause, that upon the discovery some
twenty years ago of the presence of new gases in the atmos-

phere, it was suggested that the reason for this peculiar tint

exhibited by the last ray of the sun might be found in

the absorption caused by the passage through one of the said

gases to be found in considerable quantities at the level of

the sea.

This question having been put to me quite recently I took

occasion to discuss it with M. H. Chretien, the learned and well-

known astronomer of Nice, and it was in the course of our

conversation that the hypotheses were propounded which ap-

pear to make it possible to formulate a satisfactory theory

of this mysterious phenomenon.

To begin with a number of observations have proved that

the presence of the sea is not required for its appearance.

M. Chretien has seen the green ray produced when the sun

disappeared behind the Esetrel, he himself being at the time

stationed upon Mont Gros, in such a manner that this last

ray was practically horizontal. This observation eliminates

an entire series of hypotheses which otherwise might appear

tempting.

The spectrum of the green ray does not seem to have been

observed; this is to be regretted since a determination of its

precise causes would be assisted by a knowledge of whether

the spectrum exhibited lines, bands, or a continuous color.

Total reflections, due to a definite stratification of the lay-

ers of the atmosphere, while quite possible, would demand for

their appearance such an improbable combination of circum-

stances that it is hardly possible to believe that such re-

flections can account for the frequent appearance of the green

ray under the necessary conditions, the most essential of

which is that the horizon be absolutely free from fog or mist.

Let us seek for an explanation, therefore, in superposi-

tion of the classic phenomena of dispersion and absorption,

near the horizon the highly refrangible portion of the spec-

trum passes through only a very slight depth of the atmosphere

and we may say consequently that for all practical purposes

the solar radiations which reach the eye of an observer

horizontally, are arrested shortly after the green. But it

is a well-known fact that atmospheric refraction elevates

the position of a star seen at the horizon, and the more re-

frangible the radiation concerned the greater the degree of

the said elevation. Hence the green disappears later than the

red and the only question which remains to be answered is

the amount, whether appreciable or negligible, of the distance

between the extinction of these two colors.

In the case of any radiation whatever, the path taken would

be, for example, the line AB, curving downward as soon

•Translated for the Scientific American from La Nature (Paris).

as the ray reaches the practical limit of the atmosphere ; at

the precise moment when the star disappears the last seg-

ment is horizontal, and the observer believes himself to per-

ceive the star in the direction BC ; at a tangent from the

curve the amount of elevation is indicated by the angle

ADC.
Under normal conditions this angle is 36'. At the equator

where the stars pass through a distance of 15 degrees per

hour the elevation retards their setting for 144 seconds of

time. But the index of the refraction of the atmosphere is

normally equal to 1.000292, and the dispersion of the average

green to the average red is 0.000002. This last number is not

strictly accurate, since it has reference to average positions

chosen arbitrarily ; but between each pair of qualified red or

green radiations the distance remains of the magnitude in-

dicated above. Keeping this for the sake of simplicity we
find a ratio of the total refraction equal to 1/146, and we con-

clude, therefore, that there is a lapse" of exactly one second

of time between the disappearance of the red rays and that

of the green rays. If this distance were much briefer the

two impressions would be combined, while if it were much
longer they would fail to benefit by the impression of con-

trast which assists so powerfully in the matter.

The last colors of the sun observed at the extreme horizon

are plainly red; hence the eye which observes them becomes

partially insensible to red, and, as a consequence, hyper-sen-

DIAGRAM ILLUSTRATING THE GREEN RAX PHENOMENON

sible to green. Since the sensation of green which is the last

luminous sensation we see succeeds the sensation of red after

the interval of a second, it is reinforced ; thus we find that the

brilliant green ray is the result of two causes, one of which is

physical while the other is physiological in nature.

It would seem that such a simple combination of causes

ought to produce this rather rare phenomenon more often. How-
ever, a little thought reveals why it occurs rather seldom. As
a matter of fact, absolute purity of the atmosphere at the

horizon appears to be an indispensable condition on the one

hand, while on the other when we consider the disappearance

of the sun behind a mountain, under an angle such that fog

and mist are generally absent, the interval of time which elapses

between the passage of the red rays and that of the green

rays is too short for the two sensations to be distinct. At ten

degrees above the horizon, in fact, the degree of elevation is

not more than five minutes of the arc, and the successive dis-

appearance of the red and of the green occurs in a space of

time hardly longer than one-tenth of a second. At this alti-

tude, moreover, the sun still appears to be very white and the

eye is not assisted as is the case at the horizon by the greater

degree of sensitiveness to the green and by the absorption

starting with the blue.

The physical conditions back of the appearance of the green

ray are doubtless fulfilled more frequently in the morning

than in the evening. But the physiological conditions, i. c, the

previous action of the red and the fixation of the eye upon the
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point to be observed, are not so fulfilled, and consequently

the sensation of the green rays can be obtained in the morning
only by sustained attention preceded by systematic study. In
the Arctic regions the phenomenon is capable of assuming a

special aspect when the sun strikes the horizon at a very sharp

angle. Even in a given latitude and on a given day the sun
touches the horizon for a period of time amounting to several

minutes. Thus, if the atmosphere is pure the physical causes

may be dissociated from the physiological causes and the green

ray may appear as a more durable phenomenon but with a
manifestly diminished brilliance.

Possibly it has been observed, in any case, however, it is

governed by rigid conditions of place, time, and atmospheric

purity. In many cases one observes only what one knows
ought to occur ; the physical reality of a durable green ray

being known to be a fact under the conditions just described,

we are justified in believing that any close observer will have

the privilege of confirming its existence.

The World's Supply of Energy*
The Problem That Faces Us When Our Supplies of Coal Are Exhausted

By Svante Arrhenius, Ph.D., M.D., D.Sc, LL.D.

SINCE the days of Watt the physical well-being of man-
kind has become more and more dependent on fossil fuels.

The life of today would be impossible without the enor-

mous supply of coal necessary to industrial establishments, for

railways and steamships, in the metallurgical arts and for the

heating and lighting of our houses. The demand for fossil

coal has increased very rapidly, about doubling every ten

years during the last century, and is now some 1,200 millions

of metric tons per year. It is clear to those who have studied

the matter that our coal fields will be exhausted after a cer-

tain time. When this calamity will happen, and the proba-

bility of the discovery of substitute sources of energy, are

questions of vital importance.

One of these questions was answered by the Geological Con-

gress in Canada in 1913. The quantity of fossil coal down to

a depth of 1,800 meters would suffice for 6,000 years, at the

present rate of consumption, if it were all recoverable, but a

very great deal of this coal occurs in beds too thin for profitable

working, a considerable part is lost as dust, or left in the

mines as pillars, and, further, the use of coal will probably in-

crease in the future just as it has done in the past. It is,

therefore, necessary to reduce the indicated time considerably,

probably to one-fourth, or about 1,500 years.

Of the different countries the United States, in the matter
of coal, has the best position, as it has in the matter of

other natural resources. The coal treasures there will proba-

bly suffice for about two thousand years. The worst situation

among the great coal-producing countries is that of England,

where the coals will be exhausted within a little less than

two hundred years. Germany will be able to meet its demands
during a little more than a thousand years.

This time of some few hundreds or thousands of years is

very short compared with the time estimate made at the Geo-

logical Congress referred to, and only about one per cent of

the period of man's existence, which probably lies between the

thousandth and ten-thousandth part of the time during which

life has existed on our earth. It is quite clear that we must
soon ration our coal, and substitute as far as possible for

fossil fuel other sources of energy.

It is often suggested that we might use mineral oils as fuel

instead of coals. This advice rather reminds one of the words
of Marie Antoinette : "If the people complain that they have

no bread to eat, why do they not eat cakes?" Petroleum is a

far more valuable fuel than coal, because it is much easier

to transport and to use effectively. The world's yearly pro-

duction of mineral oils represents not quite three per cent of

the energy contained in the yearly production of coal. Petro-

leum ought, therefore, to be reserved for better purposes, e.g.,

production of light and lubricants. Further, the recent fail-

ure of many oil fields indicates that we must economize this

valuable material. According to David T. Day, U. S. Geo-

logical Survey, the production per well in the Appalachian oil

Paper read before the Franklin Institute, Philadelphia, on May
19, 1920, at the presentation of the Franklin Medal to Br. Arrhenius
Reprinted by courtesy of the Journal of the Franklin Institute.

field decreased from 207 barrels in 1861 to 1.73 barrels in

1907. The production of West Virginia had, in 1910, declined

56 per cent from its maximum output. The oil obtained from
the New York and Pennsylvania oil fields fell to 50 per cent

from the year 1891 to 1898. If we suppose the present fields

of the United States and the present rate of exploitation

should continue, petroleum would he exhausted by about 1935,

and if the present production goes on with no increase, the

product would be exhausted in about ninety years, said Charles

R. van Hise in 1910, who has done so much to warn against

waste in the expenditure of our natural resources. The out-

put of mineral oil has been kept up through an enormous

increase in the number of oil wells in each field, and by open-

ing up new fields, e. g., in Oklahoma and California. There

are very rich new oil fields in the world which are still not

used, or only in a small degree, e.g., in Mexico and Mesopotamia

and Turkestan, but certainly they will not last as long as

the coal fields, even if the production of this fuel is restrained

to but three per cent of the simultaneous production of the

latter.

Still much less is the hope that sources of natural gas may
deliver more than a small fraction of the fuel value of the oil

fields. Even peat, although an important fuel, can by no

means compete with coal. Thus, for instance, in the United

States the available peat is less than one-half of one per cent

of the estimated coal. Probably the relative value of the Eu-

ropean peat bogs is about the same as' compared with the

European coal fields. For heating purposes petroleum and

peat cannot play an important role as compared with fossil

coal.

It is very often said that for coal should be substituted the

water power of our rivers, often called "white coal." Ac-

cording to an estimate of Engler, the energy which might be

economically taken out from these waterfalls amounts to about

60 per cent of the energy of the present output of coal. But
even this figure seems too high, for many of the waterfalls are

located in rather inaccessible parts of the world, where no

industry is likely to be developed for a long time. So it seems

wise to reduce the figure of Engler about 50 per cent. If this

is done, it is evident that there is little hope that white coal

will be able to substitute for black, except in a small degree.

For heating purposes water power will probably not be used

in a noteworthy degree, because used directly for the produc-

tion of mechanical or electrical energy it is at least three

times as valuable as the equivalent quantity of heat. Further,

the well-situated waterfalls are already developed in greatest

part, at least, in Europe. Thus, for instance, in Switzerland

nearly all the waterfalls which have a commercial value are

developed and in a little less degree the same is true in all

the other industrial countries of Europe.

During the unhappy situation created by the world war,

when there was a great scarcity of fuel, and even now, when

fuel is extremely expensive, waterfalls were and rapidly are

being put to use. Within a short time, therefore, this source

of energv will be taken into the service of man, not sensibly



104 SCIENTIFIC AMERICAN MONTHLY October, 1920

THE SHUMAN SOLAR POWER PLANT IN OPERATION NEAR CAIRO, EGYPT

diminishing the demand for coal. An estimate of the power

of the waterfalls has been made by Koehn and by Keplan,

and is of miuch interest. Although the figures are only ap-

proximate, I give them below, with some later corrections.

The power is given in millions of horse-power and horse-

power per inhabitant:

Horse-power Horse-power

Country in Millions per Inhabitant

Asia 236 0.27

Africa 160 . 1.14

North America 160 1.17

South America 94 5.25

Europe 65 0.13

Australia 30 3.75

Total 745 Average 0.45

Horse-power Horse-power

Country In Millions per Inhabitant

Canada 26 4

United States 100 1

Iceland , 2 22

Norway 13 5.2

Sweden 6.7 1.2

Finland 2.6 0.8

Balkan Countries 10 0.6

Switzerland 1.5 0.4

Spain 5.2 0.26

Italy 5.5 0.15

France 6.0 0.15

Austria-Hungary 6.2 0.12

Germany 1.43 0.02

Great Britain 1.0 0.02

Russia 3.0 0.02

These figures are not altogether reliable. Thus, for instance,

Leighton gives for the United States 200 millions, and van

Hise says : "Others regard this estimate as too high, and say

100 million horse-power is nearer to truth." I think this latter

figure is more to be depended on. Van Hise is of the opinion

that even it will meet the needs of a population of 250,000,000.

Since his estimate made in 1910 the demands for power have

greatly increased, and probably only about one-half of the

energy given in the table above is available at present with-

out excessive initial expenditures. We may, therefore, as-

sume 0.5 horse-power per inhabitant as adequate to present

needs. We find then that Europe and Asia are the only parts

of the world where water power is really scanty—in Asia

the demand is still so small that even this power per inhab-

itant is more than sufficient. Especially fortunate are those

countries, such as South American Republics and Australia,

where water power per unit of population is well beyond this

figure, and may be developed at a moderate cost. The United

States is among the great powers very well endowed in this

regard, as in most other natural sources of wealth, such as

metal, ores and coal. In Europe, Iceland ranks first, because

of its small population, and the old Saga Island may yet know
a new and flourishing era. Then come the Scandinavian coun-

tries, the first being Norway, which has already greatly profited

thrjough its cheap power, and is destined to be one of the

leading industrial countries of the future. Sweden and Fin-

land possess enough power for their needs. Their waterfalls

are not high, and in general are far from established lines of

communication, especially from those of the ocean. Den-

mark has scarcely any water power, as also Holland. Among
the other countries of Europe the Balkan States have more
power than their industrial needs require. Switzerland may
also be regarded as having a nearly sufficient supply of water

power, which is the more fortunate, as this highly industrial

country does not own any coal deposits. The same is true of

the new Austria, which has lost its old coal districts but has

retained by far the greater part of the waterfalls of the old

Austria, so that it now probably ranks with Switzerland in

this respect. Spain is also a relatively well situated state,

but which up to the present has not made much use of its

resources. In general, the waterfalls in the Alps, Spain, Italy

and the Balkans are high and of great value. For the indus-

tries of France and Italy water power is of the greatest im-

portance, although it must be regarded as insufficient for na-

tions so highly developed. At the end of the list come the

three great powers of Great Britain, Germany and Russia,

with only a fiftieth horse-power per inhabitant. Russia is an

agricultural country, with a very small demand for power, and

agriculture will probably remain its chief industry because of

its small power resources, both in coal and water. England

and Germany, now the most highly developed industrial

countries in the world, will undoubtedly also in the future

have agriculture for their chief industry. Probably a great

part of these countries will again be covered by forests, as

they were in the time of Tacitus.
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It is often asserted that the power of tidal waves should

be utilized. Of course, this is possible, but doing so on a
large scale would involve an initial investment not justified by
prices likely ever to be obtained for power. The energy of

the tidal wave is so widely distributed along the shores of the

oceans that it is impossible commercially to collect a sensible

part of it. It is quite in contrast to the energy of fossil fuel

and waterfalls.

All available energy on the earth has its origin in solar

radiation. Of this energy a small part, 0.12 per cent, is accu-

mulated in vegetation, which, however, is great as compared
with the energy of the coal burned in the industries. A de-

tailed calculation, made by Professor Schroeder, of Kiel,

shows that about twenty-two times as much energy is yearly

accumulated in plants as is represented by the coal consumed
in the same time. Of this energy in vegetation 67 per cent is

taken up by the forests, 24 per cent in cultivated plants, 7

per cent in the grass of the steppes and 2 per cent on desert

lands. The energy collected by forests may be used for heat-

ing purposes, and exceeds every year that of the coals burnt

by about fourteen times. But, unhappily, the greater part of

this energy is collected in tropical areas, and the highly culti-

vated countries are so nearly deforested that their production

of wood is not nearly sufficient as fuel for their industries.

Further, the wood produced in civilized countries is needed for

the production of paper, pulp and lumber. In forest lands the

refuse from the woods may be sufficient for domestic pur-

poses, and during the war even the industrial needs of cer-

tain countries for combustibles were met by wood, where the

importation of coal was hindered by the blockade. The costs,

however, were very high, due to the expensive transport from
the forests to the industrial centers. The transport of wood
from the immnese forests in the tropics to industrial coun-

tries seems impossible on economic grounds. The forest

lands possess, therefore, an advantageous position in this

regard. Before other industrialized countries will be able to

substitute wood for coal an economic solution of the transpor-

tation problem is necessary, which at present seems fraught

with exceedingly great difficulties.

Two other sources of energy, greatly dispersed in form,

remain to be considered, namely, those of the winds and of

sunshine. They are extremely great, and exceed that of simul-

taneously burnt coal from 5,000 to 70,000 times, respectively.

The energy of the winds is taken up by windmills, which have

been in use in Europe since the eleventh century. The great
objection to wind as a source of power is its variability, and
the high installation costs per unit of power continuously de-

liverable. It has been proposed to store the energy of the

wind by means of accumulators, charged from windmills, and
to use these accumulators during times of calm. But even in

windy countries, e. g., Denmark, this method is extremely une-
conomical, as compared with coal or wood at their present

price. Windmills are widely used fox pumping water, both

in the new and the old world.

The radiation of the sun may be concentrated by means of

mirrors on a boiler, and this connected to a steam engine.

The best known of these solar engines was constructed by
John Ericsson, and described in Nature in 1888. It was an
improvement of an earlier machine constructed in 1860. In

his experiments in New York, John Ericsson obtained an
effect of one horse-power with a mirror of ten square meters'

opening. Later, his experiments were taken up on a com-
mercial scale by Mr. Shuman, of Philadelphia, who installed

a solar engine, with mirror of 1,200 square meters in all, at

Meads, 10 kilometers south of Cairo, in Egypt. The machine
was of the Ericsson type, with some small modifications, and
auxiliary apparatus. Shuiman did not obtain more than half

the effect of that obtained by Ericsson, namely, one horse-

power per twenty square meters mirror opening. After an
inspection of Mr. Shuman's plant, Mr. Ackerman thought it

possible to introduce improvements which would give as good

results as those obtained by Ericsson.

After improvements the solar engine seems likely to play

an important r61e in the opening up for cultivation of great

arid districts in tropical countries, as Ericsson maintained

with great energy it would do. In these parts of the world

are great deserts, such as Sahara, the Arabian desert, the

Syrian desert, and those in Mesopotamia, which have in his-

torical times been the seat of flourishing culture, but are now
the home of wandering tribes. The decay of these regions re-

sulted from the destruction of their aqueducts and irrigation

plants, which the present wandering population is unable to

restore. With the aid of the solar machine it would be pos-

sible to re-establish the old agriculture and horticulture of

these districts, and industrial works founded on its use might

also be looked forward to. It is not only in the deserts that

the sun is shining nearly continuously during the greatest

part of the year, but extensive provinces in Spain, Greece and

THE ROCKING MIRRORS WHICH TURN WITH THE SUN AND FOCUS THE 'RAYS ON THE BOILER TUBES AT THEIR AXES
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North America possess such a climate that they would profit

by the introduction of the solar engine. In other parts of the

world, where the sky is covered for the greatest part of the

year, as in the Congo or the Amazonas, or which lie nearer

to the poles, as the temperate regions, the solar machine will

be of very little use.

It seems very probable that when fossil fuel has been con-

sumed, civilization and culture will return to its birthplace

about the Mediterranean and in Mesopotamia in the old world,

and to Central America and the land of the Incas in the new.

According to some calculations made by me an increase of

the carbonic acid in the atmosphere will give the whole earth

a more uniform and warmer climate. Therefore, we may sup-

pose that the burning of coal will cause our climate to ap-

proach to that of the tertiary age. Furthermore, vegetation

is highly stimulated through absorption of carbonic acid in the

soil, augmented through an increase of the carbonic acid in the

air. It is, therefore, probable, as I have tried to show in

my book, "World's in the Making," that the total consumption
of the available coal by the industries will, in a high degree,

favor agriculture and the growing of forests in the temperate
regions now the chief seat of culture. These regions will then

know not only harmful, but some useful consequences as the

result of the present waste of our fuel resources.

Sunlight Engineering*

Its Relation to Housing and Town Planning

By H. L. Seymour

FIRST, I wish to mention some well-known facts about the

sun and then I hope to show you that they should be

considered in determining the direction and width of

streets, the height, orientation and density of buildings, and

similar matters of more or less importance in planning. I

believe I am correct in stating that it is only recently that

the application of such facts has been a matter of careful

study.

How much weight should be given to this question of sun-

light must be a matter of judgment in each case ; there may
be factors or conditions that make it of small importance.

But in some instances it is of great importance and in general

to the town planner is given the problem of the scientific utili-

zation of sunlight in his lay-out of streets and buildings.

For the purpose of this paper I propose to divide the light

derived during the day into (a) daylight or skylight, and (&)

sunlight; with the latter we are mostly here concerned.

"Skylight comes from all directions of the heavens; sunlight

from only one direction, constantly varying with the revolu-

tion of the sphere." 1

The astronomer has been searching the heavens with tele-

scopes of ever increasing size and power to bring to our

knowledge far distant heavenly bodies. A similar search

has been made by the bacteriologist with high-powered micro-

scopes of also ever increasing magnification. These now dis-

close many small forms as cleverly hidden from us in the

past as were the distant stars. Just as the astronomer feels

certain that there are many bodies which he has not yet seen,

so is it with the bacteriologist in his work. The latter,

however, generally has various means of verifying his pre-

sumptions—for example, that of letting a bacterium indiscerni-

ble with the microscope, produce under favorable conditions a

colony of such proportions that it is readily seen by the naked

eye.

Some of these bacteria are beneficial to us, but others are

not so friendly. Every contagious and infectious disease is

caused as a rule by a specific bacterium or similar organism.

Now the oxidizing action of direct sunlight and its accompany-

ing drying properties are the greatest natural agencies in de-

stroying disease or pathogenic bacteria. This point I wish

to emphasize because I feel that in the final analysis, it is

the strongest scientific argument that can be advanced, as far

as housing is concerned, for direct sunlight. In a cubic metre

of air taken from over the ocean there was found only one

bacterium. In the same amount of air taken from a Paris

hospital there were 79,000 bacteria. In the open air of the

Abridgement of a paper presented at the Ottawa Center of the

Royal Astronomical Society of Canada. Reprinted from the Journal of

the Royal Astr. Soo. of Canada, May, 1920.
1Atklnson, "Orientation of Buildings," to which work I am In-

debted for much of the information In this paper.

country there are many less than in the city air, which, as a

rule, is shut off from direct sunlight.

"Second only to air is light and sunshine essential for

growth and health, and it is one of nature's most powerful

assistants in enabling the body to throw off these conditions

which we call diseases. Not only daylight but sunlight;

indeed fresh air must be sun-warmed, sun-penetrated air.

The sunshine of a December day has been recently shown to

kill the spores of the anthrax bacillus" {Healthy Hospitals,

Sir Douglas Galton, Oxford, 1893). This latter is no mean
performance when one remembers that bacterial spores or

"seeds" are protected with a hard casing which renders them
much more difficult to destroy than the parent bacteria. The
figures given for the duration of life of the tubercle bacillus

are as follows:

Dark places . .
.' 2-18 months

Diffuse daylight 6-24 hours

Sunlight 10 min -1 hr.

Besides being nature's great preventative for the spread of

disease we all have felt the exhilarating effect of sunlight and

know its general effect on public health and sanitation.

"Unquestionably one of the first requisites for a healthy

building is abundance of sunlight. Not only the exterior wall

surfaces of the buildings but also the surface of the ground

around them should have the direct rays of the sun for as

long a time as possible each day," says Atkinson. The amount

of sunlight that may actually enter into rooms by the win-

dows set in the walls is also of great importance and mostly

so in the winter when windows are closed and there is not

possible a circulation of air that has been sun-purified outside

the building.

I assume that you agree with these conclusions and will

pass on to the considerations of the

ASTEONOMICAL DATA

Atkinson has prepared for Latitude 42 C N. a diagram show-

ing the apparent path of the sun for different months in the

year. The condition of the winter solstice may be considered

as fairly typical of the period of the four months from October

21st to February 21st. For the northern climes this is the

period for which special planning is necessary as can be

judged from the following reasons, with which you are all

very familiar but which will bear some elaboration.

1. At the winter solstice the days are the shortest, which

means that the total possible amount of sunlight that can be

received per day is the least in the year. A nomogram has

been prepared in the Surveyor General's office from which the

duration of sunlight in Canadian latitudes can be quickly
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determined.3 The effect of latitude on the length of the day
is readily apparent:

Lat. Duration of SunUght
At the summer solstice 42° 15.25 hours

60° 18.90 "

At the winter solstice 42° 9.10 "

G0° 5.85 "

2. At the winter solstice the sun's rays are most oblique.

For example, at noon, December 21st, the altitude of the sun

is only about 15° at London, England (Latitude 51% °N.),

which is tout little north of Calgary, Alberta.

As you know, the intensity of heat and light received from
the sun is greatest as the rays become most nearly vertical.

We find then that not only the total amount but also the

intensity of the sunlight received in winter is less than that

received in summer. That we should plan to conserve all the

sunlight we receive in the northern climes in the winter is the

obvious conclusion. If we do this we shall be amply rewarded.

3. At the winter solstice the shadows cast are the longest

and cover the greatest area. In this connection some facts are

of interest as to some of the New York Skyscrapers. These

facts and others in this paper are taken from recent papers

by Messrs. Swan and Tuttle on "Planning Sunlight Cities"

and "Sunlight Engineering in City Planning and Housing"

:

"At noon, December 21, the Woolworth Tower, 791 feet high,

casts a shadow of 1,635 feet in length.

"The Equitable Building at the same time, being 493 feet

high, with a ground area of 1.14 acres, casts a shadow 1,018

feet long, covering an area of 7.79 acres, with the result that

the fronts or facades of many tall buildings are completely

shaded all day.

"The street on the north of the Equitable Building is 34.

feet wide. If this east and west street were built up of

Equitable Buildings then 'not a single window within 447

feet of the street level would receive a ray of direct sunlight

on December 21.'
"

At noon on December 21st the altitude of the sun is at the

places named approximately as follows;

At the Equator 66.6°

At Winnipeg 16.6°

At Edmonton 13.0°

On east and west streets if the whole south front of build-

ings on the north side are to receive sunlight at noon December

21st, then the width of the street must be:

At Equator 0.43 times the height of buildings on south side

At Winnipeg 3.33 "

At Edmonton 4.33 "

Or the shadow cast at Winnipeg is in length 7.77 times

that at the equator ; at Edmonton 10 times that at the equator

(at noon, winter solstice).

As the condition at the winter solstice is evidently the most

unfavorable for sunlight planning and because, as shown,

such condition obtains to a great extent from about the mid-

dle of October to late in February, this condition should be

the one to receive the greatest study. If ample sunlight can

be provided for this period of four months, our problems are,

with few exceptions, solved.

ORIENTATION OF DETACHED BUILDINGS

How should a detached building be constructed and oriented

so that not only the exterior wall surfaces but also the surface

of the ground around them have the direct rays of the sun

for as long a time as possible on December 21st?

Investigation shows that by orienting our building with

sides, northeast, southwest, etc., every side receives sunlight,

except in the far north ; and that for a detached building this

position is preferable. This has been recognized in Switzer-

land, where cottages have their diagonals square with the

cardinal points.

2See "Nomogram Showing Duration of Sunlight," by W. H. Herbert

in Jour. Royal Astr. Soc, Canada, October, 1919.

The matter of orientation is considered an important one
for hospitals. The Central Alberta Sanitarium near Keith,
Alberta, is a good egample.

ORIENTATION OF BUILDINGS IN RURAL AND RESIDENTIAL

DEVELOPMENTS

Having found the best orientation for an isolated detached
building, the next matter is to determine the effect of the
grouping of buildings. Until the shadows cast by adjoining
buildings are such that all sunlight is cut off from some
surface of the building under consideration, or until there
results a ground area or areas of perpetual shadow there

would appear to be no advantage in changing the orientation

of buildings considered favorable for isolated conditions. It

can be shown that buildings on a north-south street must be
much farther apart than on a northwest-southeast or a north-

east-southwest street. It would appear then that streets in

an open rural or residential development and where no im-
portant factor dictates otherwise, should preferably be placed

so that buildings thereon and with faces parallel thereto,

have their sides at an angle of 45° with the cardinal points.

This means that streets in such a development should run
northeast-southwest and northwest-southeast and not north-

south and east-west as is the general custom. Kipawa, Quebec,
is an actual case in course of development, having been

planned by Mr. Thomas Adams, Dominion Housing and Town
Planning Adviser.

ORIENTATION OF ATTACHED BUILDINGS

Writing in 1864, Horace Bushnell in his essay on City

Plans (Work and Play) said:

"It is also a great question ; as respects the health of the

city, in what direction, or according to what points of the

compass, the streets are to be laid. To most persons it will

appear to be a kind of law that the city should stand square

with the cardinal points of the compass—north, south, east and
west, and where this law appears not to have been regarded

how many will deplore so great an oversight, and even have it

as the standing regret of their criticism. Whereas, in the

true economy of health and comfort, no single house or city

should ever stand thus, squared by the four cardinal points,

if it can be avoided. On the contrary, it should have its

lines of frontage northeast, southwest, northwest and south-

east where such disposition can be made without injury in

some other respect; that so the sun may strike every side of

exposure every day in the year, to dry it when wet by storms,

to keep off the mold and moss that are likely to collect on

it, and remove the dank sepulchural smell that so often makes
the tenements of cities both uncomfortable and poisonous to

health."

Mr. Bushnell has applied the considerations that affect

single buildings and open development to the conditions of

close or urban development. With this conclusion Atkinson

also agrees. It will now be my endeavor to show whether or

not Atkinson is justified in such conclusion.

Atkinson has prepared "shadow curves" for latitude 42°N.

at the solstices and equinoxes for a height of attached build-

ings of one and one-half times the space between rows. This

space is in many cities the width of the street, no set-back

being insisted on. Mr. Atkinson states in his "Orientation

of Buildings"

:

"In the north-south street the distribution is symmetrical,

the buildings on either side receiving an equal amount. On
the east-west street the north face of the street receives no

sunlight during six months of the year, and the buildings on

the south side are in perpetual shadow during the same period.

In planning towns the east and west street should be avoided

as far as possible, and where unavoidable, the buildings should

be of moderate height and built in detached blocks. In the

checkerboard plan the best distribution of sunlight is obtained

when streets run northeast-southwest and northwest-southeast."

Mr. Atkinson might have added that his diagrams for lati-



108 SCIENTIFIC AMERICAN MONTHLY October, 1920

tude 42 "N. show that a street and the attached buildings

fronting thereon will receive most sunlight at the winter

solstice when the street is oriented north and south.

Messrs. Swan and Tuttle, previously referred to, have ap-

parently approached the whole matter of sunlight illumination

from a different angle—not emphasizing a study of detached

buildings as Atkinson has done, but laying particular stress

on the consideration of developments carried out on New
York lines, where closely placed or contiguous high buildings

face only on the main and not, to any extent at least, on the

cross streets. They conclude that the main street will receive

most sunlight when it is oriented north and south. This con-

clusion is supported by many useful tables prepared for lati-

tudes from 25°N. to 60°N. though only at the winter solstice

(the period most adverse for sunlight planning in northern

latitudes). And it is shown that while no sunlight may
be received all day on an east-west street as far south as

Latitude 30 yet in Latitude 50 N., under the same conditions,

a north-south street receives over an hour of sunlight.

"Blocks improved with houses in rows or with apartment

houses, then, should have their length parallel to north-and-

south streets and their breadth parallel to east-and-west

streets."

Swan and Tuttle also recommend that

:

"Blocks the length of which parallels east-and-west streets

should be subdivided into lots fronting on minor north-and-

south streets laid out across the narrow dimensions of the

block before they are improved with -attached houses."

Though long narrow blocks are common, it has been con-

tended that in some cases such a development is neither eco-

nomical nor desirable and blocks more nearly square are to be

preferred.

Assume for a "square" block development, buildings to be

attached in rows, to be in height one-half the width between

these and similar buildings on opposite sides of the street,

and to be located in Winnipeg, latitude 50°N. Then we find

from Swan and Tuttle's tables that on December 21st, houses

near the center of the sides of the block (or sufficiently far

from street intersections to be uninfluenced thereby) will

have their fronts exposed to direct sunlight as shown in

Table I.

TABLE I

N-S—E-W Orientation N-E—S-W Orientation

Side

Total

time on

street

facade

Time
cut off

by win-

dow

Net time

entering

room
Side

Total

time on

street

facade

Time
cut off

by win-

dow

Net time

entering

room

North . .

.

East ....

South... .

West

lh 52m

1 52

Oh 50m

50

lh lm

1 1

N.E...

S.E....

S.W. .

.

N.W...

Oh 22m
2 39

2 39

22

all

lh lm
1 1

all

lh 38m
1 38

Total 3h 44m 1 2h 2m Total 6h 2m 3h 16m

The amount of sunlight that may shine on the rear of

houses will vary with the size of the open space in the interior

of the block as well as on account of the orientation of the

blocks. But with the N.-S., E.-W., orientation there is a

southerly row of houses which receives no sunlight on either

the front or rear elevations nor in any rooms. With the other

arrangement every house is sure of having at least one of its

facades sunlighted, and sunlight can enter the rooms, if not

from the front then from the rear.

With the northeast, southwest, orientation all the streets

circumscribing the block receive some sunlight, while in the

first arrangement there are two unlighted streets. If then the

square block developed with attached houses is for sufficient

reason considered desirable it should evidently be oriented

with streets at an angle of 45° with the cardinal points for

the conditions stated, though as the height of buildings and

latitude increase the advantages disappear.

The foregoing may be considered more of academic than of

practical interest, but it at least draws attention to the

conclusions arrived at by all authorities, that if east-and-west
streets are to be built upon buildings should be detached.

Consideration of the arrangement of windows and the dis-

position of rooms are important but reference must be made
to the authorities already named.
We find then differences of opinion. If we agree with

Atkinson, that for isolated buildings and for rural or open
residential development the northeast-southwest orientation

is generally to be preferred, we do not have to follow him
when he concludes, with but little investigation, that city

streets with intensive development should be oriented in a
similar manner. We must also remember that Atkinson has
considered only a latitude of 42 °N. though giving us diagrams
for the equinoxes and solstices. If we agree with Swan and
Tuttle from a consideration of their numerous and compre-

hensive tables that city development should generally take the

form of long narrow blocks with the main streets north and
south we do not have to apply that conclusion to the single

detached house or rural development in ordinary latitudes.

GENERAL CONCLUSIONS

A. Detached Buildings.

1. Isolated detached buildings should be constructed with

their walls not square with the cardinal points of the com-
pass but at an agle therewith—preferably 45°.

2. Detached buildings as usually grouped in rural and resi-

dential districts should be oriented as in (1), the streets on

which they face running northeast-southwest and southeast-

northwest.

B. Attached Buildings.

1. Long narrow blocks with high buildings should have their

lengths on streets running north and south, and these condi-

tions are suited to intensive city development.

2. Square blocks, with low attached buildings, should usually

be oriented so that streets make an angle of 45° with the

cardinal points.

3. Houses fronting on east-and-west streets should, if possi-

ble, be detached.

C. Disposition of Booms and Windows.

1. As a rule attached houses, when fronting on east-and-

west streets require a greater frontage than houses on a north-

and-south street.

2. In general the disposition of rooms and windows should

be planned in relation to the orientation of the building.

D. Height of Buildings and Width of Streets.

1. There is an intimate relation between the height of

building and the width of street ; and this relation must receive'

consideration particularly in high latitudes.

2. To illustrate the above conclusion and because of its

general interest I submit a paragraph from "Rural Planning

and Development" by Thomas Adams:
"Heights of building should have some relation to the width

between buildings, in rural areas a low standard of height

can be fixed with advantage to owners of land. This is

needed not only to secure light and air, but to prevent traffic

congestion in the suburbs in towns and on rural territory

surrounding them. We should determine the question of light

and air to buildings by fixing a minimum distance .between all

buildings on opposite sides of streets without regard to the

width of the street itself, by limiting the amount of land in the

subdivision which should be occupied by actual building and

by requiring a minimum angle of light to all windows. Apart

from special cases, where the evil of high buildings has already

been established, no buildings should be higher than the width

of the streets facing them, and rural municipalities at least

have power to adopt this standard. Ample justification can

be given from every point of view, including that of the inter-

ests of real estate, for such a limitation.

"For desirable results the street plan and building plan

should not be considered separately but 'must be conceived and

perfected in harmony.' "



The Type-Reading Optophone
An Instrument Which Enables the Blind to Read Ordinary Print

T HE Scientific American
Supplement of August 3,

1912, contained a descrip-

tion of an instrument for convert-

ing light into sound, which was
designed to enable the blind to

see by ear. This instrument,

known as the optophone, was the

invention of Dr. E. E. Fournier

d'Albe of Birmingham University.

Dr. d'Albe later developed a type-

reading instrument by which the

blind could read large print. Re-
cently the instrument has been
greatly improved in cooperation

with Messrs. Barr and Stroud of

Glasgow,, the well-known instru-

ment makers. It can now be ad-

justed for any ordinary type.

The following description of the instrument is taken from
an article by Dr. d'Albe appearing i/n Nature (London). We
are indebted to the author and to Nature for the pliotographs

reproduced herewith. The drawing on the opposite page is

taken from The Electrician (London), tohich contains a very
complete description of the optophone in the issue of August
13, 1920.—Editor.
The general principle of the apparatus is shown by Fig. 2.

A siren disk, D, is run at about 30 revolutions a second by
means of the small magneto-electric motor shown. It con-

tains five circles of square perforations, the innermost circle

having twenty-four perforations, the outermost forty-two, the

other circles being intermediate and corresponding to the

relative frequencies of certain notes of the diatonic scale. A
line of light in a radial direction is provided by the festoon

lamp L, and the image of the filament of this lamp is thrown
upon the print by a system of three lenses on the other side of

the selenium tablet S. The axis of the concavo-convex lens C
is slightly tilted out of the axis of the other lenses for a

purpose which is specified below. The general result of the

optical system is to give a line of luminous dots on the print,

each dot having a different musical frequency. The light con-

FIG. 1. A BLIND MAN READING BY EAR

stituting these dots is diffusely re-

flected back on to the selenium,

which is put in circuit with a

battery and a high-resistance tel-

ephone receiver. Those dots

which fall on white paper produce

a note of their own musical fre-

quency in the telephone, while

those which fall on black are ex-

tinguished. We thus get what
may be called a "white-sounding"

optophone, in which the black let-

ters are read by the notes omit-

ted from the scale rather than by

the notes which remain sounding.

All the reading demonstrations

hitherto undertaken have been

given with a "white-sounding"

optophone.

A modification of this principle, introduced by Messrs.

Barr and Stroud in consultation with the writer, is the

provision of a second selenium preparation in the form of a

cylindrical rod, the top of which can be seen at B (Fig. 2).

This rod receives the light reflected by the concave surface

of the lens C, which produces a real image of the line of dots

on a generator of the cylindrical rod, and by turning this rod

about its axis the image can be made more or less effective

as desired. By balancing the effect on B against the effect

on S, when white paper alone is exposed, a silence can be

produced in the telephone, and the effect of the passage of a

black letter is to make a sound which varies in accordance

with the formation of the letter. This is the principle of

what may be called a "black-sounding" optophone, and al-

though its advantage over the white-sounding type has yet to

be proved, there is little doubt that the learning of the alpha-

bet sounded on the new principle will be easier, though in

the writer's opinion the ultimate speed acquired by either

black-sounding or white-sounding will be approximately the

same. It is interesting in this connection to note that Miss

Mary Jameson, the blind girl who gave the demonstrations at

the 1918 Exhibition, now reads habitually at a speed of about

FIG. 2. SKELETON APPARATUS SHOWING THE PRINCIPLE OP THE OPTOPHONE
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FIG. 3. THE OPTOPHONE WITH BOOK REST REMOVED PIG. 4. THE OPTOPHONE COMPLETE WITH BOOK REST

twenty-five words a minute with a "white-sounding" opto-

phone made by Messrs. Barr and Stroud, and finds, indeed,

that when the instrument is adjusted for a lesser speed

reading becomes more difficult.

The present construction adopted by Messrs. Barr and
Stroud is shown in Fig. 3. The disk, lamp, lenses, and selen-

ium, as well as the motor, are all mounted in the swinging

"tracer," which can be brought over to the right by means
of the reading-handle H. It then returns to the left with a

slow, silent, and steady motion regulated by the worm gearing

W, which drives a small paddle inserted in a viscous liquid.

This paddle can be inserted more or less deeply into the

liquid by the regulating nut R, and such is the range of ad-

justment possible that a line can be read in anything from
five seconds to five minutes, according to the proficiency of

the reader. When the line is read, the next line is brought

into focus by the change-bar C, which works a friction grip

inside the bar on which the

"tracer" is pivoted, and

can be adjusted for any

desired line space by means
of the screw attached to the

change-bar. A lever at-

tached to the "tracer" en-

ables the operator to reverse

this motion or to release

the whole "tracer" from the

friction gear, so that it may
be quickly brought to the

top of the page.

The festoon lamp is in-

serted at L, where it is held

by a spring clip, and whence

it can easily be removed for

renewal even by a blind op-

erator. The balancer is in-

serted at B, and can be ad-

justed for silence by means
of the small handle shown.

Fig. 4 shows the appara-

tus from the top page end

and with telephone and flex

connections attached, as

well as the book-rest V hold-

ing a book. The adapters of

these flex connections are all

of different sizes, and fit

into different-sized holes in

such a manner that they can-

not be wrongly inserted

—

PrintedSurface in Contact

-Glass Plate -

Main Selenium Bridge
Focussing Lens

,
Objective and

Minification Adjusting Lens

Concave Reflecting Lens

BalancerSelenium Bridge^

Rotating Disc

Diaphragm
Lamp

Motor

Motor Brushes

p ±r Permanen t Magnet

which is an important consideration with blind operators.

The various connections with their switches are for the

motor, the lamp, and the two selenium circuits respectively.

When the adapters are removed, a cover can be placed over

the whole instrument, which clips on to the aluminum base,

and the optophone can thereupon be carried about like a

typewriter.

Special mention ought to be made of a contrivance for

adjusting for various sizes of type. The middle lens of the

three shown in Fig. 2 is mounted in a nut which can be

screwed up and down within the "tracer" by means of two

gaps cut in the upper cylindrical portion at T (Fig. 3). The
nut is provided with six nicks across the rim, which enable

a blind operator to count the number of turns of the nut, and

thus to adjust for any definite size of type. This ingenious

contrivance is, I believe, due to Dr. Stroud.

In practice it is found that, with the new apparatus, the

various adjustments for size

___ of type, length of line, and
line interval are quite easily

made by blind persons, and
that the instrument, with all

its delicate adjustments, can

remain in use for a long

time without anything get-

ting out of order. It is

therefore safe to say that

the problem of opening the

world's literature to the

blind is now definitely

solved.

[We learn from The
Electrician that the numbers

of perforations in the siren

disk are in proportion to tJie

notes G, C,' D,' E,' G' {sol,

do, re, me, sol) of the music-

al scale. The spot of light

corresponding to low G falls

on the lowest points of such

letters as j, p, y, etc., the

high G falling on the tops of

capitals and high letters.

The three intermediate

spots cover the body of the

lower case letters. With a

"black-sounding" optophone

the letter V is represented

by the motif sol, me, re, do,

FIG. 5. DIAGRAM OF THE ARRANGEMENT OF THE OPTOPHONE re, me, sol.—EDITOR.]



Stammering Scientifically Considered
What Are the Origins and Causes of Interference with Automatic Speech?

By Ernest Tomkins, M.E.

HERE is a theory of stammering to be examined: Stam-
mering is conscious interference with automatic
speech, prompted toy a mistaken idea of disability, and

originally induced by a temporary speech-interruption. 1

A scientific attitude at once prompts the question, "Does
the theory embrace the phenomena of stammering?" Affirma-
tive answers for many of the phenomena have been given at
various recent times in the scientific, medical and educational
press: 2 so repetition of those answers would be superfluous.
The answers to be considered are to questions more original

and possibly more interesting.

THE EFFECT OF AN IMAGINED AUDITOR

It has long been recognized that a stammerer's impediment
appears or disappears according as he has an auditor or not,

but that an imagined auditor has the same effect has been
brought to attention comparatively recently. Dr. Scripture, in

his "Stuttering and Lisping," gives an interesting account of the
reactions of a stammerer at the telephone. A switch in the
line is manipulated by the doctor in the view of the stammerer
so that the latter is led to believe that he is connected with an
auditor or not, and his stammering occurs or vanishes ac-

cording to that belief and not according to the actual connec-
tion. This phenomenon of the effect on the disorder of imag-
ined presence or absence of an auditor is of frequent occur-
rence and the circumstances are of great variety. A stam-
merer who had resolved to rid himself of his impediment by
copious reading aloud used to shut himself in his room and
read Dickens by the hour. His brothers and sisters, partly in

a spirit of fun and partly to hear the story, would quietly

open the door a trifle and listen to the reading. One day the

listeners made a noise which revealed their presence, where-
upon the impediment immediately reappeared and the reading
ceased. Thereafter when the reader imagined that the listen-

ers were at the keyhole, he would be unable to continue
until he had opened the door and assured himself that no one
was there. A stammerer was riding on the railway with a

congenial companion, and believing that the noise shut out all

other listeners was discoursing volubly and with considerable

fluency until he caught the eye of another traveler who ap-

peared to be watching his lips. Imagining that this stranger

was watching his lips for occasional spasm, the stammerer
experienced so much difficulty that he had to remain prac-

tically silent for the rest of the ride. Subsequent indications

were that the stranger had not noticed the impediment; but

the nfere imagination of an observer was sufficient to change
near-fluency into near-muteness.

Will the speech interference theory embrace this phenome-
non of stammering? Yes. When the stammerer believes

aThe speech-interference theory, probably originally (although not
completely) formulated by Dr. Albert Liebmann, has been published
many times since 1914 ; but this is believed to be the first presenta-

tion of a formula involving the origin. Former statements of the
theory were met with the question, "But how did the interference

begin?" and an explanation was necessary. The formula here pre-

sented not only anticipates this question but also gives the common
casual factor, supposedly unknown as late as 1916. See "Some Recent
Theories of the Causation and Treatment of Stammering," by Dr. 6.

Hudson Makuen, Medical Council, Sept., 1916, in which he says,

"The problem of finding a casual factor which is common to all

stammerers, therefore remains unsolved."
2"In Stammering and Its Extirpation, " Pedagogical Seminary, June

1916, the sufficiency of the speech interference theory is shown for

origin by sickness and by stuttering, for absence of the difficulty

in solitude, absence in singing, absence on final consonants, absence

in concert speaking or reading, increase of the difficulty by fatigue,

apparent immunity of the women, and other commonly recognized

phenomena.

that his impediment is heard or observed by an unsympa-
thetic person—more accurately, by a person whose reaction
will be embarrassing to the stammerer—he makes a conscious
effort to avoid the impediment, and by this conscious effort

he blocks his normal speech and makes the impediment.

THE IMAGINARY-REAL DIFFICULTY

Stammering is undoubtedly the most anomalous affliction

known
: A stammerer's speech is impeded in private con-

versation and fluent in public discourse; a stammerer's re-

mark is completely blocked by a word which he struggles to

say, but when an auditor asks what word troubles him the

stammerer says it fluently; 3 will voluntarily repeat with ease a
word which he has just uttered, but when requested to repeat
he becomes dumb ; and so on, through a long list of
anomalies. But probably the chief anomaly is that
the difficulty is both real and imaginary. Before this

anomaly is covered it is worth while to mention what
a stumbling block it is to all other theories than the

speech-interference theory. Those that advance a tangible

defect are of course negatived by the imaginary element; and
those that advance pure imagination do not account for the
struggle. Rudolf Denhardt's dilemma in the face of this

anomaly is one of the most interesting in the literature of the

subject. He demonstrated the imaginary nature of the diffi-

culty and that demonstration is an admirable piece of work.
But when he tried to account for the struggle, he denied this

admirable demonstration by alleging the disorder to be a psy-

chosis. 4 Most investigators since Denhardt have not recognized
the imaginary element but pronounce the disorder to be a psy-

chosis pure and simple—not exactly simple, for they make it

mysterious—and in abandoning the imaginary element they

show themselves to be less advanced than Denhardt was.
Will the speech-interference theory embrace this anomaly

of combined realism and imagination? Yes. According to

the theory the disorder is dual in its nature, involving both
mental and muscular elements. The mental element is the

mistaken idea of speech disability, and the muscular element
is the effort exerted to overcome the imaginary difficulty. The
effort constitutes a real obstacle to speech. So the obstacle,

the impediment, the stoppage—whatever one desires to call it

—is real ; out there te no defect whatever in the stammerer's

constitution. If the superficial investigators would only grasp

these facts of the reality of the stoppage and the unreality

of a defect they would save themselves from grave mistakes;

but they blindly follow the old fallacious reasoning. The one

who practices suggestion says, "I tell the stammerer that he
has no difficulty and he becomes fluent, therefore I have told

him the truth" ; and the realist says, "Since the peripheral

organs function abnormally the central organs must function

abnormally, therefore there must be a mental defect," and
neither one realizes that the conclusion of the other makes it

necessary to guess again, but each tries to maintain his untena-

ble position in characteristic demonstration of the unscientific

procedure which has made the field the chaos which it is

universally acknowledged to toe.

3"Ein Patient stockte vor dem Worte kann'' in dem Satze : "Kann
nicht Fiirstendiener sein," ohne einen Versuch zu machen, das Wort
auszusprechen. Er griff mit der Hand in den Halskragen, schob ihn

zurecht, als ob er ihn behindere und die freie Atmung gefahrde,

drehte den Kopf wiederholt zur Seite, brachte aber keinen Laut
hervor. 'Welches Wort fallt Ihnen schwer?' fragte ich. 'Kann, kann
ich nicht sagen,' erwiderte er unverzagt, Dicht denkend, dass er das

Wort eben zweimal stotterfrei ausgesprochen." Rudolf Denhardt,

"Das Stottern Eine Psychose," p. 54.

4"Psychosis : in pathology, any mental disorder ; any form of in-

sanity." Century Dictionary.

Ill
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Right here it is necessary to meet the contention that a

"mistaken idea" or, as it is sometimes inadequately expressed,

a "fixed idea" constitutes a psychosis. The proponents of the

neurosis views and of the psychosis views are quick to jump
at the conclusion that the acknowledgment of a mistaken idea

is an admission of the defect which they allege. A fixed, il-

logical idea does constitute a neurosis in the broad sense,

including both neuroses and psychoses; but either a mistaken

idea or a fixed idea may be perfectly logical, and a logical

attitude is not an evidence of insanity but of sanity. The
stammerer's mistaken idea of disability and his fear of it are

eminently logical, so his very affliction, crudely judged to be

an indication of insanity, is in fact an evidence of sanity.

The blocking of his speech is a reality, and his recognition

of that blocking as a real impediment makes the stammerer

saner than those who try to convince him that he has no

impediment. Fear is the anticipation of pain (G. Stanley

Hall) ; and the stammerer, having suffered the pain of ridi-

cule and unkind attention, anticipates repetition of it, and is

perfectly logical in doing so, for the past is our only guide to

the future. Whoever tries to make out of the stammerer's

mistaken idea, or his fear, an evidence of deficient mentality

is merely advertising the deficiency of his own mental processes.

THE HABIT-DISEASE ANOMALY

It is characteristic of the writings of the disease proponents

in the field of stammering that they inadvertently pronounce

the affliction to be a habit. Practically all of the conventional

discussions are of the disease persuasion, yet the careful

reader will find stammering called a habit, often in the very

demonstrations that it is a disease.

Will the speech-interference theory embrace these lapses from

the disease view to the habit view? Yes. Most of the mani-

festations of stammering are clearly indicative of habit : origin

by initiation, absence of lesions, intermittence of the stammer-

ing and the fluency, absence of complications, tenacity pro-

portional to the extent of indulgence, lack of definiteness in

recovery, and many other manifestations carry even unwilling

conviction of habit; so even those who endeavor to make it a

disease inadvertently call it a habit. But ordinary habits

may be overcome by "trying." Yet the more the stammerer

tries to overcome his difficulty the more it bothers him. That

seems to indicate disease. Also, diseases are generally con-

sidered not to be subject to voluntary control; according to

which stammering certainly appears to be a disease, for the.

stammerer's emotion often exceeds the bounds of ordinary

belief, and the will alone is almost powerless against it. See

how adequately the speech-interference theory embraces this

habit-disease anomaly. Consider first the emotion. This is

the remembrance of past humiliations. Whenever the stam-

merer has "tried" to speak, his efforts have been more or less

mutilated, and his auditor has stared or smiled or shrugged

his shoulders or made a cutting remark or turned away or

interrupted with a remark of his own ; and in anticipation of

repetition of this humiliation the stammerer's fear becomes so

intense that many of his physical processes are disturbed.6

There is little use in telling the stammerer that he has

nothing to fear, for that contradicts his experience. A pano-

rama of cruel humiliations comes up before him and he is

unable to submerge those memories except by a distraction or,

in some cases, by the influence of expert suggestion. It should

be evident from this that the stammerer's emotion involves

nothing of disease ; it is the normal result of his experiences,

the consequences of habitual fright.

Consider now the impediment. Although it is true

that when the stammerer tries to talk he impedes his speech,

it is also true that when he desists from "trying" to talk his

speech comes fluently. So the impediment is really under

voluntary control consisting in desistance from the effort

5See Fletcher's fine "Experimental Study of Stuttering," American

Journal of Abnormal Psychology, April, 1914, Vol. XXV, No. 2, p.

203, in which he shows the reactions of the heart and other organs.

rather than persistence in it. This fact of the controllability

of the convulsive effort is one that is very frequently denied

by investigators of stammering, and that denial necessarily

leads to erroneous conclusions. Since the impediment is under
voluntary control, it cannot be a disease in the accepted

view of diseases. Moreover, since neither the mental element
of stammering nor the muscular element contain anything
of disease, the disorder itself can contain nothing of disease.

THE CUBES OF A NON-CUBABLE DISOEDEE

One may collect pages of claims of cures of stammering and
may also collect pages of denials of these cures. Will the

spech-interference theory embrace this anomaly? Yes, of

course. It has never failed.

Remember the two elements of the disorder, namely the fear

of disability, and the misdirected effort prompted by the fear.

Frequently the fear is manifested by physical disturbances

other than vocal or articulatory disturbances. That is to

say, a stammerer may remain perfectly mute, not moving his

facial muscles at all, yet his blushes, his shifting glances, his

desire to escape, all indicate his emotion. But a stammerer
can school himself to hide all evidence of his emotion. Then,

by refraining from indulgence in efforts to talk—that is, by
refraining from talking when the fear possesses him—he may
pass as a normal talker, and the casual observer would be

ready to swear on a stack of Bibles that he was cured.

"Perfectly cured ; 'never heard him stammer again,' " is one

of the most stereotyped testimonies in such cases. Now it is a

fact that a considerable proportion of stammerers conform to

the case just described. Many factors contributed to bring

them to that condition. The futility of the efforts to talk

indicates the advisability of abandonment of the efforts, and
once they are abandoned, peace of mind begins to come.

Many stammerers are so situated that they cannot abandon
the efforts for they are forced to talk, against all that is just

and right, as in the case of the stammerers in the schools,

where the oral exactions are continued by the educators at

the behest of those who profit from the disability which is

confirmed by those exactions. Desistance from the effort is

also induced by what little is good in the current treatments.

All treatments require desistance from the convulsive efforts

and encourage calmness. The fortunate attendant on these

treatments abandons the numerous injurious exercises but re-

tains the practice of cultivating calmness and of desisting from
the efforts. When he does that, he appears to be cured, al-

though really the emotion is only slightly abated, and, in con-

firmed cases, years of the regimen will be necessary to abate

the emotion to such an extent that he can really be considered

to have recovered, that is, until his confidence has effectually

submerged his painful speech-memories. From what has just

been said it is evident that there are two classes of cases

which afford basis for the alleged cures : the first includes those

that refrain from the convulsive effort but are still potential

stammerers, and this class numbers probably 95 per cent of

the alleged cures ; and in the second class are those who after

years of desistance from the impeding effort have dissipated

all troublesome fear of difficulty. The first class is certainly

not cured ; and as to the second class it is stretching the word
"cure" to apply it to a recovery which necessitates a consider-

able proportion of a lifetime.

THE INCONGEUITY OF THE OEIGINS

Fletcher observes, "Just how being bitten by a dog can

produce stuttering in the same fashion in which habits are

acquired is not easy to see." 6

And many other than Fletcher have been mystified by the

incongruity of the origins of stammering. Even the learned

courts of law are called to decide such questions. A Kansas

court has decided that knees scratched as the result of drag-

«Fletcher, "An Experimental Study of Stuttering," American Jour-

nal of Psychology, April, 1914, p. 245.
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ging by a machinery accident may cause stammering.'

A child swallows a thimble and stammering results, another
has a bad dream and stammering results, still another falls

off the porch and stammering results. No "deficiency" theory

has ever embraced these incongruent causes—indeed, the spon-

sors of those theories generally beg the question or content

themselves with endeavoring to embrace a few causes and
Ignoring the others. The speech-interference theory embraces
all the verified origins. Understanding of the matter is fa-

cilitated by consideration of the cases acquired by imitation.

What is the origin in those cases? Temporary interruption to

speech. The merry imitator, oblivious to the suffering he is

causing others and is about to experience himself, deliberately

blocks his speech. He holds his mouth shut and attempts to

talk, lie holds his breath and attempts to talk, he exhausts
his breath and attempts to talk, he sticks his tongue between
his teeth, blocking the opening, and attempts to talk. He in-

terfere? with his speech. Notice, all you scientists—Dr.

Liebmann always excepted—the little boy has analyzed stam-
mering better than you have, and has recognized it as inter-

ference with speech. But the little imitator is not yet a stam-

merer. What is commonly called the "pathological stage"

—

although there is no pathology about it—has. not yet been
reacted. That occurs when the imitator, fearing that he will

"catch" the disorder, makes a conscious speech effort to

avoid catching it. By that effort he "catches" it; for the ob-

struction or impediment is always a conscious effort—an in-

terference with normal speech.

The origin by imitation is a perfect example of all other

origins with the one exception that this is the only origin

which necessarily continues. The induction of stammering by
mutism or aphasia has been a subject of considerable atten-

tion since the World War, and many commentators make the

old mistake of assuming the inducing cause to continue. In

the old discussions of the subject one frequently reads of

cases of stammering arising from debilitating illness, and the

history of the case is followed by the allegation that the ill-

ness left a deficiency of some kind, which deficiency remains
as the continuing cause of stammering. In the case of stam-
mering induced by aphasia—the circumstances of which are

simply that the speech disability due to the aphasia induces a

conscious speech effort, which, impeding speech, creates em-
barrassment, and thereafter the efforts are continued in order

to avoid the difficulty—it is not unlikely that the

aphasia may continue for an indeterminate time ; but the

continuance of the stammering is not dependent on the con-

tinuance of the aphasia, for stammering is its own container

when it is indulged in, and generally the aphasia disappears

but the stammering remains. If our investigators would firmly

grasp the fact that only a temporary speech interruption is

necessary to induce stammering they would be saved the un-

fortunate consequences of dragging the inducing cause along

through the whole course of the disorder.

In the case of the skinned knees the learned court erred

somewhat in its opinion although the decision seems to be
sound. But the mistake it made is so general that no criticism

of the court will lie : stammering is. not nervousness. If all the

investigators would grasp this fact the literature on the sub-

ject would be curtailed about one-third and there would be

more chance of the truth's becoming known and of the relief

of the stammerers to follow. But it is safe to say that the

same old nervousness theory will live long—it is such an
easy resort. What really happened in the case of the skinned

knees is this : that the accident induced the boy to interfere

with his speech. His normal speech might have been para-

lyzed by the fright, in which case he would begin the conscious

'News report : Kansas City, Mo. The court of appeals has found
that skinned knees caused Reed Kincaid, 16 years old of St. Joseph,
Mo., to stutter and has affirmed the verdict of the Buchanan County
court, awarding him $1,000. The judgment was against a laundry in

St. Joseph. The boy worked for the laundry. His trousers were
caught in the machinery and his knees skinned. The injury affected

his nerves and impaired his speech.

efforts; or he might have been rendered unconscious, and be-

fore his normal speech had fully recovered he might have
begun the conscious efforts; but in any case a temporary in-

terruption would be necessary. 8

In the case of the child bitten by the dog, normal speech is

paralyzed by fright and the conscious effort is begun in order

to supply the deficiency. The failure of this conscious effort

engenders an idea of speech disability, and the efforts are con-

tinued in order to overcome the difficulty; but since those

efforts constitute the actual obstruction the affliction remains
and fastens itself on- its victim with hooks of steel. Every
origin of stammering is embraced by the speech-interference

theory; and conversely all alleged origins not embraced by it

are false. Inheritance is one of the alleged origins which

disappears and Freudianism is another. Lest someone claim

that the failure of the theory to embrace these alleged origins

is a weakness of the theory, the claim may be anticipated by
the statement, perfectly tenable in scientific procedure, that

no valid proof of these origins has ever been presented

:

scientists accept nothing until it is proved.

In regard to the fallacies of the alleged proofs of

inheritance and of Freudianism as applied to stammer-
ing see "Stammering and the Evidence of Its Inherit-

ance," Scientific American Supplement, No. 2203, March
23, ]91S, p. 18G; and "Stammering Discussions," Jour-

nal of Abnormal Psijcholoau. Vol. XII, No. 4, Oc-

tober, 1917, p. 260. Fletcher can certainly not be

considered biased in favor of the speech-interference

theory for he is on record as rejecting it flatly. The bibliog-

raphy to which he refers us includes 9G books on stammering,

so he may be considered to have encountered most of the

alleged proofs of inheritance. Yet lie says. "The tails so far

known seem only to warrant opinions rather than definite

conclusions regarding the inheritance of the defect ; and the

opinions differ. 10

Probably one more illustration of the sufficiency of the

speech-interference theory will be sufficient to convince all who
are open to conviction.

WHY STAMMERING DECREASES IN OCCURRENCE WITH ADVANCING
AGE SUBSEQUENT TO THE PERIOD IMMEDIATELY FOLLOWING

SPEECH ACQUISITION

This test is of an omnibus nature, for it not only strength-

ens the speech interference theory but it also sweeps away
all the other theories. Stammering is overwhelmingly an

infantile disorder."

When the supporters of the current theories could tie

the defect down to the infectious diseases of childhood and

to inheritance, they could argue plausibly that the absence of

these in old age would account for the rare appearance of

stammering in old age. But inheritance is off the list—it was
never on the list by right—and the infantile diseases appear

only as inducers of conscious efforts at speech, and not as ele-

ments of the disorder ; so the supporters are obliged to try

to fit their theories to conditions which maintain in advanced

age even more than in childhood. Do dogs bite children only?

Do not old folks fall down? Does nervousness occur less fre-

quently in advanced age than in childhood? Is not aphasia

more prevalent during advanced age than in childhood? Is

insanity less prevalent with the aged than with the young?

In the answers to those questions the innumerable "defi-

ciency" theories melt away like snow.

sRudolf Denhardt gives the history of a case which might be a

technical exception to this rule, but the case is singular and it in-

volves so many fine points that the casual reader would probably

be wearied by a discussion of them. The interested reader is referred

to "Das Stottern Eine Psychose," p. 115.
9"In the court of natural knowledge nothing is acceptable without

proof. Gregory, "Discovery," p. 39.
10"An Experimental Study of Stuttering," American Journal of

Psychology, April, 1914, p. 203.
u ''

. . . en regie generale, le begaiement apparait dans le premiere

enfrance. de 3 a 7 ans, quelquefois un peu plus tard. mais tres

rarement apres l'age de dix on douze ans."' Le Docteur Chervin,

"Begaiement," p. 146.



Giving Medicine to Trees*

Fighting the Chestnut Blight by Injections of Curative Chemical Solutions

By Dr. Caroline Rumbold
Pathologist, Bureau of Plant Industry, U.'S. Department of Agriculture

CAN a tree be cured of a disease by giving it medicine

internally? The usual method of combating tree

diseases is through the external application of sprays

and fertilizers, or by cutting out and burning diseased parts

of entire trees. Many parasitic fungi grow so deeply under-

neath the bark of a tree that any external treatment is inef-

fective. This is the case with chestnut blight, or the chest-

nut bark disease, as it is more properly called. When this

fungus began to kill chestnut trees by the tens of thousands

about fifteen years ago, it was not unusual for an owner of a

prized ornamental chestnut to offer a reward of a thousand

dollars to anyone who would save the tree. Numerous quack
"tree doctors" advocated various alleged remedies which failed

miserably when tested. Careful experiments by plant patholo-

gists also failed to develop a successful method of saving a

tree after it was attacked by the blight. The disease ad-

vanced ruthlessly and all who valued the chestnut trees

were in despair.

In 3911, the' State of Pennsylvania appointed a special com-

mission to conduct scientific

The sap of a tree does not circulate like the blood of an

animal. The wood of a tree contains numerous vessels, or

tubelike cells, through which the crude sap is conducted to

the leaves to be manufactured into food which returns to

the roots and other living parts through the inner bark. A
substance in solution follows a vertical path up the tree

through those vessels in the sapwood that are close to the

place of injection.

By the same token it can also descend through those vessels,

but in all of this there is lacking that persistent passing and

return of a stream, such as the blood stream, which constantly

bathes the cells of the animal body. This path in the tree

through which the injected solution passes, usually is but

little wider than the hole through which it is injected. Be-

sides this, the walls of the tubular cells act like blotting

paper, with the result that the farther the solution passes

from the point of injection, the weaker it becomes. So in order

to inject a tree evenly on all sides, it is necessary to make
a number of injections on different sides of the trunk, and

even on the limbs. This

^>"

investigations to determine

the cause of chestnut blight,

and at the same time imme-

diately to attack the epi-

demic by every means that

seemed to afford any possi-

bility of checking or delay-

ing it.

In connection with the

other lines of experimental

work carried on by this

commission, the writer was
employed to investigate the

possibility of controlling the

disease by injecting chem-

ical solutions into chestnut

trees. In 1913, the Pennsyl-

vania Chestnut Tree Blight

Commission advised the

Governor to discontinue its

work because the blight had

advanced too far into the

State to make control prac-

ticable with the appropria-

tion available at that time.

During the next two years

the writer continued the in-

jection experiments under

the direction of the Office

of Investigation in Forest

Pathology, Bureau of Plant

Industry, United States De-

partment of Agriculture.

The University of Pennsylvania furnished laboratory facilities

and many supplies.

The credit for continuing these experiments to their

present stage is due to Mr. Harold Pierce, formerly Secretary

of the Pennsylvania Chestnut Tree Blight Commission, who

generously financed the work.

The problem has been to find a chemical agent which would

kill the fungus that causes the blight, when a solution was

introduced into a tree. The first difficulty encountered was in

getting the tree thoroughly injected with any kind of liquid.

Reprinted from American Forestry, June, 1920.

METHOD OF INJECTING SMALL TREES
The chestnut trees in this orchard were infected with the chestnut

blight, and it was desired to find if the fungus under the bark could

not be killed toy chemicals, without injury to the tree. As the tree

absorbed the solution it was siphoned out of the jar suspended from

an upper branch and through the tube.

means that many quarts of

a very dilute chemical solu-

tion must be put into a tree

if the chemical is to reach

all portions of the tree.

Were one to use only a small

amount of concentrated solu-

tion, it would kill the cells

of the tree near the injec-

tion hole and would not

reach other parts. This is

one of the reasons why bor-

ing a hole in the trunk and

filling it with strong chem-

ical in either solid or liquid

form is not likely to benefit

a tree.

It was found to be essen-

tial to make the holes

through' the bark for injec-

tion purposes under cover

of a liquid. If air enters be-

fore injection or with the

solution, air-bubbles will

clog the small tubes or ves-

sels in the vascular bundles

and prevent the solution

being absorbed by the tree.

The reader will probably ask

at this point if a tree

whose trunk is peppered

with injection holes is not

seriously injured by such

treatment. As a matter of fact, the trees with which the

experiments were made did not suffer from this cause. The

injections were made under sanitary conditions and only

small holes were made. These were afterward filled with

clean grafting wax, and a callus growth quickly closed up

the wound, farcing out the wax plug. By the end of three

years, there was not even a scar to show where the injection

had been made.

The idea of introducing chemical substances into plants is

more than two centuries old. The first report on tree in-

jection for purposes of medication was published by a Russian
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INJECTING CURATIVE CHEMICAL SOLUTIONS
Another view of the apparatus used in injecting solutions into a

trees, to enable the chemical solutions to reach all parts of the tree,

branches and connected by rubber tubing with a glass tube inserted

in a small hole made through the bark of the trunk. This hole in

the bark had to be made under cover of a liquid, otherwise air clogged

the vessels of the wood and the solution would not be drawn into

the tree. A clamp held the glass tube tightly against the tree.

scientist in 1894. This was followed by scattered work iD

America, France, Germany and Russia. Some successful re-

sults were reported, but in the main the effect of injected

solutions were not beneficial or the results were inconclusive.

The most practical method was contained in the Russian

publications, and the Russian method of introducing solutions

was used in the beginning of the chestnut experiments. Very
soon however an easier and less expensive method was de-

veloped, in which the apparatus could be quickly adjusted to

the trunk and left for twelve hours or more without further

attention. On small trees, a glass container holding the solu-

tion to be injected was hung on a branch of the tree. The
solution was led to the point of injection by a rubber tube in

the end of which was a piece of small glass tubing which was
inserted into the injection hole. The glass tube was held in

place by means of a perforated rubber cork, which in turn

was pressed tightly against the tree trunk by a clamp, thus

preventing leakage. This apparatus is shown in the accom-

panying illustration. A variation of this method was used

on large trees. In place of the clamp, a link chain was placed

around the trunk. It was tightened by turnbuckles and held

the perforated rubber corks against the tree. The corks were

protected from the metal chain by iron washers. A glass "T"

tube, thrust through the cork, introduced the solution into

the injection hole. The rubber tube leading from the reser-

voirs higher in the tree was attached to the vertical end of

the "T" tube. The free end of the horizontal arm of the "T"

tube was tipped by a piece of rubber tubing; after the solu-

tion filled the tube, a tempered steel cutter was inserted

through this horizontal arm of the "T" tube and driven

through the bark of the tree. In this manner a small hole was
made in such a way that no air could clog the vessels of the

wood, and the solution to be injected began immediately to

enter the tree. After the steel drill was removed, the free

end of the rubber tubing was closed by a pinch cock. By this

method any desired number of injections were made at one
time. In these experiments, the hole cut for injection pur-

poses was one-fourth inch in diameter and penetrated the

wood to a depth of two annual rings.

It was found that all kinds of chemicals in solution could

he introduced into the trunks, provided there was sufficient

transpiration (evaporation of moisture) from the leaves to

keep the sap moving. The transpiration was greatest in the

case of chestnut trees when they were in full leaf and the

day was sunshiny, dry, and a breeze was blowing. On cold,

rainy days the trees took up very little of the injected solu-

tions. The season of the year caused a great variation in

i he amount of solution absorbed by a tree, and also as to the

part of the tree where the injected chemical went. For in-

stance, if a lithium solution was injected in the autumn,
when the nuts were ripening, a large amount of lithium col-

lected in the fruits and in the ends of the fruiting branches.

In the early spring, when the leaves were unfolding and
growing, the lithium spread through the tree and less of the

chemical reached the leaves. In Pennsylvania, .Tune was the

best month for injection so far as the rate of intake was
concerned; then July, May, August, September, October and

April. The rate of intake varied more in April, May and

June than in the summer and autumn months. Solutions of

organic compounds wen! Into the trees more readily than

solutions of inorganic compounds, and the "true solutions"

more readily than the colloidal. The average amount of solu-

tion absorbed through a single injection hole by an orchard

chestnut tree, 15 feet high and with a wide, rounded top,

ranged from one-fourth pint per day in April to three-fifths

pint per day in June. But there are records of three and

nearly four quarts of solution passing through an injection

hole one-fourth inch in diameter in 20 hours. Chemical solu-

tions with very few exceptions, were absorbed more readily

than the pure water. Also, the more concentrated the solu-

tions of chemicals, the more rapidly they were absorbed. In

several cases, lithium injected into the trunk could be de-

TREATMENT FOR LARGER TREE'S

A number of injections had to be made at one time in the larger

trees, to enable the chemical solutions to reach all parts of the tree.

This illustration shows three glass containers hung in a chestnut

tree, and a chain clamp that was used to hold the tubes in the holes

made through the bark. On a clear day in midsummer a tree of

this size absorbed many quarts of solution.
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CHESTNUT TREE IN WHICH LITHIUM CARBONATE HAS BEEN INJECTED
View at the left shows the drying up of the chestnut blight canker. The dead bark was easily lifted out because the fungus was

killed by the chemical. View at the right shows the same canker with the dead bark removed, exposing the healed up edges of the
blight canker. A year later this tree had thrown off the chemical and had become reinfected. However, this experiment indicates

interesting possibilities for controlling tree diseases by injected chemicals. That will destroy the fungus without harming the tree.

tected 10 hours later in the leaves of branches at the top of

the tree.

Fifty-six organic and inorganic substances in solution were
injected. The trees used in the experiments were orchard
trees, for the most part Paragon scions grafted on native

chestnut stock, but some trees growing under forest condi-

tions were also injected. Most of the trees were already in-

fected with the chestnut bark disease. The cankers were
outlined with paint at the time the chemicals were injected

into the trees, so that an accurate record of the effect of the

chemical on the fungus was obtained. The war interrupted

this work before it had gone further than to show interesting

indications. In the case of diseased chestnut trees injected

in the spring and early summer months with dilute solutions

of lithium carbonate and lithium hydroxide, the fungus caus-

ing the blight was checked in its growth and the trees started

to form a callus at the edge of the canker. In some cases

this callus growth resulted in so completely cutting off the

diseased tissue from the rest of the tree that the diseased

portion dried out and could be picked off like any other dead

bark. However, the lithium was gradually eliminated from
the tissues of such trees and they were then subject to rein-

fection by the disease. Thus, the success in controlling the

blight has so far been only to find a temporary check.

The results of these experiments indicate that there is a

large field for further research on the possibility of finding

a cure by the injection method for chestnut blight and similar

parasitic fungi that grow beneath the bark of trees. This

work is preliminary only and has not solved the problem.

It took many years of patient experiment to develop salvarsan,

and this solved a problem as apparently hopeless as that of

finding a practical remedy for the chestnut blight.

The subject is intensely interesting and will undoubtedly

be further explored in the future. In the meantime, owners of

chestnut and other valuable shade trees should know that

itinerant "tree doctors," who claim wonderful curative powers

for mysterious substances inserted into trees, are not likely to

have been successful in achieving that which years of careful

scientific research have failed to produce. This statement is

not intended to reflect on trained men who are conducting

legitimate tree surgery operations, but is directed against

those "quacks" who prey on the ignorance of shade tree own-

ers by selling worthless "remedies" at fabulous prices. Such

persons not only get their money through fraudulent repre-

sentations, but frequently cause death or serious injury to a

valuable tree.

SYNTHETIC CAMPHORS
Camphor customarily means a substance derived from a

tree largely grown in Japan, China and Formosa. There are,

however, several other kinds of camphor, but most of them
are crystalline solids obtained from some plant. It has been

known for many years that a camphor could be made from tur-

pentine. Chemically speaking, camphor is a volatile oxyge-

nated hydrocarbon.

It was not until the source of supply of natural camphor

began to restrict its export and increase the price that Ameri-

can firms decided to engage extensively in the manufacture of

a synthetic material. At the same time many camphor trees

had been set out in parts of our southern states.

The great majority of the world's turpentine is produced in

the United States and present conditions have advanced its

price to 400 per cent over the normal, so that it is hardly to be

expected that synthetic camphor can undersell the natural

product at the present time. It is encouraging, however, to

find that American chemists have devised methods that are

commercially practical for the manufacture of this important

gum independent of our foreign friends, and is but another

indication of what could be done in our country with proper

legislative encouragement. The progress that has been made
is indicated in a recent bulletin of the American Chemical

Society.
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CHERKI TREE WHILE IX ITU.
BLOOM

All tin' Bowers on llic large branch al the

lower left hand si.io were cross pollinated

wirh a distinct variety. All other flowers

self-pollinated,

THE SAME rilKKUV TREE IX
FRUIT

Photograph taken from opposite Bid

tree. Not a single self-pollinated flower

set fruit while the cross-pollinated

branch produced a good crop.

PLUM TREE WHICH WAS COVERED WITH
BLOOM

The different branches were fertilized with pollen

from four different varieties. Three of these were
wholly ineffective in forming fruit while with the

fourth the tree bore abundantly.

Sterility in Animals and Plants

Hereditary Lethal Factors Which Stop Development When Received from Both Parents

By D. F. Jones

PLANTS and animals which are healthy, vigorous and

apparently normal but are unable to reproduce their

kind, are well known. One of the most disappointing

experiences in the whole realm of gardening is carefully to

nurse fruit trees through many trying years, guarding them
against numerous natural enemies and vicissitudes of soil and
season, only to have expectation defeated in the end because

the trees are sterile with their own pollen. Many of the

most prized varieties of fruits of various sorts are self-

sterile and are unable to bear unless trees of other varieties

are growing near by to furnish suitable pollen. For farmers
doing a business with pure-bred, registered live stock ina-

bility to produce young in large numbers is sometimes a serious

obstacle in the way of financial success. Although much less

is known about the same phenomenon in man, infertility in

ma vings where no pathological bar exists and where apparent-

ly there is no reason why children should not be. is one of

the stern facts of nature which stand as a wrecker of human

Sterility in both organic kingdoms is widespread and due
to many different causes. Since procreation, from a purely

physiological standpoint, is the most difficult task which any

animal or plant has to perforin, being the goal toward which
all energies are directed and standing as a crowning achieve-

ment, all those factors which tend to impair life tend to reduce

reproductive ability. Disease, directly or indirectly, may be

an important agency in sterility. Food in excess or deficiency

may work the same waj'. Radical changes in surroundings

or mode of life produce this result, as many animals brought
from i lie wild into captivity are notoriously infertile. Plants

brought from one region to another sometimes fail to set seed.

But leaving aside all these external influences of the environ-

ment which, to a certain extent, are controllable, there re-

mains a large amount of sterility due strictly to heredity.

In this category there are two general types. In one the

failure to reproduce is due to a degeneration of certain organs,

tissues or reproductive cells representing a defect somewhere

in the life processes which may be manifested at any stage

during development from the time the egg is fertilized until

the germ cells are formed ready for the next generation.

Usually sterility is brought about by conditions which become

apparent just before or just after fertilization. In the first

case the organism is unable to produce reproductive cells. Id

the second certain combinations of sex-cells are incapable of

development.

The most noticeable occurrence of sterility clue to inability

to produce viable gametes is in species hybrids. As is well

known widely separated forms cannot be cross-fertilized, but

as the degree of relationship becomes greater sexual union

is possible but with difficulty and when hybrid forms are pro-

duced they are frequently sterile. The classic example is

the mule, the result of mating a female horse with a male

ass. Mules are not only normal animals in respect to ordi-

nary life processes but are even more healthy and sturdy than

their parental races. But these animals are unable to repro-

duce themselves. Microscopical examination shows that the

tissues which ordinarily produce the sex cells undergo de-

generation and no viable eggs or sperm are produced. Many
other wide crosses in animals are known of which the males

are completely sterile while the females are fertile. A new
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type of animal the cattolo, which is a combination of cow and
buffalo, was possible because the hybrid females were fertile

and were bred back to one of the parental types.

Of greater practical importance are the widespread cases

of sterility in pure races of animals and plants which have
not undergone any hybridization, at least within recorded

time. It is only recently that the hereditary nature of such

instances has been clearly demonstrated. The past two
decades have seen a notable advance in the study of heredity.

Published in "Journal of Heredity"

EARS OP CORN WITH ABORTED SEEDS
An illustration of a hereditary lethal factor -which stops develop-

ment immediately after fertilization.

The chief result of this investigation has been to show that

the inheritance is made up of units represented by something
in the reproductive cells which, when given a suitable oppor-

tunity to develop, determine the peculiar characters of every

individual, subject to a certain amount of influence from the

surroundings. Thus flower color, seed color, form and com-

position of seeds, and height, in plants ; and hair color, eye

color, and coat pattern, in animals, as a few examples, are

predestined very largely by these inherited units. Most of

the character units, transmitted from one generation to the

next and the combinations of which make the characteristic

features of each individual, are concerned with only normal
functions of the organism but a class of hereditary determin-

ers are known which represent abnormal and defective germ
plasm in that they stop development at certain stages when-
ever they are present in any individual in double dose, that is,

when the same abnormal factor is received from both parents.

A good example of such a lethal factor, because it shows up
in such a clear cut manner, is furnished by the corn plant.

In the ears of corn which are reproduced in the accompanying
illustrations a certain proportion of the seeds are aborted

and these are scattered uniformly over the ear. All that re-

mains in a shrunken mass or an entirely empty seed coat

where normally a good seed would be produced. This state

of affairs is due to a definitely inherited factor which stops

normal development immediately after fertilization. Only

those seeds which receive this deficiency through both the

egg and the sperm are affected in this manner. Of the normal

seeds on the same ears two out of three, on the average, have

received only one dose of the mortality factor coming either

from the female or the male side. Such seeds do not show the

defective condition as the normal factor dominates the ab-

normal. They will grow and produce normal plants but

they carry the same hereditary sterility factor so that when
they come to produce seed in turn part of their progeny will

be abortive. Because an inherited defect of this sort is cov-

ered over and obscured from sight it is able to persist from

generation to generation showing up in a portion of the off-

spring every generation.

Silmilar lethal factors acting in the same manner are wide-

spread in both animals and plants. Not all such determiners

stop growth immediately after fertilization. Certain kinds
may permit normal growth up to a certain stage at a point

where some function should normally begin to operate, lacking

this the organism fails to develop properly and shortly after-

wards dies. Witness the inability to form chlorophyl, a

definitely inherited deficiency in many plants, as illustrated

here in corn. In animals many abortions are undoubtedly due
to such lethal factors which behave in the same manner as

shown by the defective corn seeds. Mice furnish a case

which has been known for many years. The degenerate

embryos stop growing and are absorbed very early in their

prenatal life. In females which carry the sterility factor the

abortive young are found by postmortem examination along

with normal embryos. No clear cases of this kind have been

recognized in the common domestic animals but it seems
very likely that certain types of abortion and infertility,

particularly in pure-bred livestock which has been closely in-

bred, are due to similar inherited factors. Close mating does

not cause the sterility but brings about a condition in which

recessive weaknesses show up in greater numbers if they are

present in the stock. In this way consanguinity is a valuable

means of detecting carriers of defective heredity.

The problem in animal breeding practice is to locate the

normal transmitters of the deficient germ plasm. Of the

progeny that contain the abortive individuals some will be

normal and will never transmit the hereditary sterility while

others of exactly similar appearance will pass on the unde-

sired trait. Obviously it is of considerable economic im-

portance to be able to distinguish between the two. The

only way to do this is by the progeny performance record.

All those individuals which produce defective offspring should

be prevented from reproducing unless they are exceptionally

valuable. If that is the case certain of their progeny wilt

be free from the taint and with good fortune they may also

possess the qualities desired to be perpetuated but many will

still carry the sterility factor and should not be used a?

breeders.

It seems quite likely that the same state of affairs rony

occur in man although nothing positive is known. Reliable

evidence is difficult to secure because the number of offspring
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DEFECTIVE SEEDS PRODUCED ON EARS IN DEPNITE
PROPORTIONS

They cannot grow hut some of the normal seeds on the same ears

• carry the same hereditary deficiency which will reappear in their

offspring.

in any one family is small and non-viable births and total

barrenness are due to many causes. But recent workers in

this field are convinced that a certain proportion of sterile

matings and miscarriages, particularly those early in preg-

nancy, are due to hereditary lethal factors which absolutely

prevent further development. If such is the case it is indeed

fortunate that growth should stop as quickly as it does
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rather than be prolonged until some later stage. At the
present state of affairs nothing can be done to reduce the
amount of this defective heredity and such cases, although
they come within the physician's province, are clearly beyond
the possibility of alleviation by medical practice.

Another type of sterility is more common among plants. It

has long been known that certain trees fail to set fruit unless

specimens of other varieties are growing near by. Apples,
plums, cherries and many of the small fruits show this. Al-

though the sterile trees are vigorous and perfectly healthy
and bloom profusely yet they sometimes set not a single

fruit because the pollen from the same plant or others of
the same variety is incapable of fertilizing the flowers. Why
(he plant's own pollen is ineffective is not entirely clear.

The failure comes in some physiological impediment which
prevents the pollen tube from growing fast enough to reach
the ovary before the flower withers and falls off.

This type of sterility does not have the abnormal features
shown by the degeneration of embryos. Although the plants

by themselves are impotent they are perfectly normal in

every other respect and when suitable pollen is available

they are frequently very productive. This phenomenon is

widely distributed throughout the plant kingdom and is

known to occur in at least one species of animals.

It was formerly thought that self-sterile individuals were
perfectly fertile with any other member of the same form.

Recent investigations have shown this to be not the case.

With plants the self-sterile individuals fall into different

groups such that within any one group the members are both
self-sterile and cross-sterile. But a representative of any
one group is fully fertile with a representative of any other
group. Thus the mere fact of crossing does not mitigate

self-sterility and it is clearly seen that such a condition is

due to certain definitely inherited complexes and only when
the proper combinations are brought about does fertility re-

sult. Thus the possibility of changing from sterility to

fertility by external treatment is relatively slight.

Nature has developed many means to insure cross-fertiliza-

tion between different plants of the saime species such as

ripening the pollen and ovules at different times, placing the

two sexes on different individuals and by floral contrivances
which hinder the pollen being placed on the stigmas of the
flowers from which it came but favor its deposition on other

INHERITED LETHAL FACTOR WHICH STOPS GROWTH IN
EARLY SEEDLING STATE

The white plants lack chlorophyl and. being unable to manufacture
food, cannot grow beyond the stage made possible by the food stored
in the seed.

flowers. The means by which the transfer of pollen is brought
about furnish some of the most interesting features in plant
life. Sterility of the type of incompatibility with the plant's

own pollen but perfect fertility with foreign pollen is one of

the means employed by nature to insure cross-fertilization

and as such has undoubtedly played a part in evolution.

However that may be it is most disheartening for the ama-
teur horticulturist to find his favorite trees, from which he

has expected so much, wholly barren. Fortunately this state

of affairs can be prevented by taking care that the right kind

of varieties are planted together. In case this very necessary

provision is not made grafting can be frequently resorted to

so that by inserting cions from compatible varieties into some

yCff

6$m

J***
-J! *>•#'••

an <S

Published in '•Journal of Heredity"

ABORTED SEEDS COMPARED TO NORMAL SEEDS FROM
SAME EARS

of the branches of the sterile tree, flowers with suitable

pollen can be produced more quickly than by waiting for

young trees to be grown to flowering age.

Although information in regard to such a lack of affinity

between reproductive cells comes largely from plants at least

one instance is known of a hermaphroditic sea animal

which is self-sterile. Eggs of this species when put into

water which contains sperm from the same individual that

produced the eggs are unable to develop. But fertilization

takes place readily when the sex cells from other individuals

are present. Even though evidence is lacking it is ex-

pected that it will be found that self-sterile animals like

plants will fall into groups the members of which are intra-

sterile and inter-fertile. Having been demonstrated, this

would throw considerable light on puzzling cases among higher

forms where individuals which are perfectly healthy and

produce viable reproductice cells are incapable of procreation

in certain matings yet both are fully fertile in other matings.

PLANTING WHOLE POTATOES INSTEAD OF "EYES"

It has been the immemorial custom to cut seed potatoes into

fragments so as to make them go as far as possible, all

that is necessary being that each fragment should have an

"eye." A French authority, Aime" Girard, claims however

that a better yield is obtained if the whole potato is planted,

and he advises against the use of small potatoes, moreover.

Some species however, lend themselves to the use of

fragments better than others according to Henry de Varigny,

writing in La Blbliotheque Universelle for April, 1920. He
cites an experiment made in 1917 in a military field where the

"seed" consisted merely of vegetative tops, i.e., of fragments

one or two centimeters thick. These scraps were those ob-

tained during the peeling of the potatoes for culinary pur-

poses. They were immediately placed in dry sand in order to

keep them in good condition until they could be planted. The
results obtained with this very economical supply of "seed

potatoes" were excellent, yielding a harvest of about 10,000

kilos per hectare. However, the crop was cultivated under

very special conditions. Each potato was exposed to the full

daylight for a month ; a piece of the potato was then cut off

weighing not less than 45 grams and containing two vigorous

and healthy sprouts.
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FIGS. 1 TO 3. A HYPHA OF PYTHIUM DE BARYANUM PUSHING
THROUGH A CELL WALL BARRIER

FIG. 4. PHYTOPHTHORA SPORANGIUM
ABOUT TO GERMINATE '

Some Enemies of the Potato
Interesting Methods of Dispersal of Some Parasitic Fungi

By R. B. Harvey

Physiologist, Bureau of Plant Industry, U- S. Bureau of Agriculture

PARASITIC fungi, which are of economic importance on
account of their injurious effect upon various food crops,

are spread in a great variety of ways, only a few of

which can be considered here. The means of dispersal most
commonly thought of are those in which the fungus itself takes
only a passive part, the active element being some other agent.

For instance, birds carry fungus spores upon their feet for

long distances. For shorter distances, insects, domestic ani-

mals, railway cars, and in fact anything that moves from one
place to another may aid in the spread of such organisms.

The spinach plant louse is a carrier of the virus of the

mosaic disease and spread of the disease may be limited by
controlling the insects in the spinach fields. Biting insects

spread the infection (Bacillus tracheiphilus) of the wilt

disease of members of the cucumber family. In many such
cases the infectious material is carried by the insect in its

digestive tract. The majority of fungi have some form of

resistant stage in their life cycle (spores, etc.), in which
they are capable of undergoing prolonged cold and drought.

This is the stage in which a great number of fungi are dissemi-

nated. The spores are blown about by the wind or carried

away by rains to infest new areas. During the threshing

season in the middle western states the "blower" threshers in

use at present send up great clouds of the spores of wheat
rusts and smuts which are carried by the wind for miles and
are a continual menace to the wheat crop of the following

year. In all of these methods of dispersal the fungus takes

no active part in the dissemination.

Apart from these passive methods the fungus itself may
take an active part in providing for its dissemination. This

may be either by growth alone, for this must be considered

a means of dispersal, or, by the formation of free-swimming
spores called zoospores.

The phenomena of growth are of more importance in the

spread of plant disease than hitherto has been recognized.

In animals infectious organisms frequently gain access to a

moving liquid medium, the blood stream, through wounds.
Consequently there are no barriers to overcome and one thinks

of the act of infection as being the important part of the dis-

ease dissemination. In plants there are no such means of

spreading throughout the organism. Although many bacteria

spread along the vascular system of plants, their dispersal

by the liquids moving in these channels is of much less im-

portance than in animals for the reason that there are num-
erous barriers, cell walls, interposed in the path. Passage

must be gained through sieve plates or pit openings, each

guarded by a living protoplast which must first be overcome.

The cell wall surrounding each protoplast in the plants is often

a sufficient barrier to prevent the spread of fungus. This
barrier either must be removed by digestion through the secre-

tion of extra cellular enzymes by the invading parasite, or it

must be mechanically punctured. The latter method is limited
of course to the filamentous fungi. An instance of the ag-

gressive dispersal by the organism. itself is found in the fungus
Pythium de Baryanum, a destructive parasite which attacks
various crops: the potato, cucumber, corn, white clover, and
others. In greenhouses Pythium de Baryanum, which is called

a "damping off" fungus, attacks many plants in the seedling

stage. It enters the seedling near the surface of the ground
and causes the plants to wilt down, each plant showing a

characteristic shrivelled portion of the stem near the soil

level. In the San Joaquin Valley of California this fungus
does considerable damage to the potato crop. In this case it

gains entrance to the potato tubers through breaks in the

skin and causes a condition known as the "Leak" disease of

potatoes. "Leaky" potatoes are recognized by the large quan-

tities of juice which exude from them when shipped in the

car—also by the smell.

The question as to just how the hypha of Pythium de Bary-
anum enters the plant has been determined by the author in

a microscopic study of the living organism. The method used

was to cut slices of potatoes three or four cells thick and
inoculate them with the fungus. After a few hours at 30

degrees C. hyphae were found to be growing over the surface

of the potato and the method of penetrating the cell walls

could be watched under the microscope. The author has re-

corded several instances of the mechanism of cell wall pene-

tration by cinematophotomicrography.

A hypha of Pythium de Baryanum is a small tube one ten-

thousandth of an inch in diameter. It does not usually have

cross walls and for this reason the growing hypha forms a

continuous tube filled with living cell substance, the proto-

plasm. The stream of protoplasm moves continually toward

the growing end of the fungus thread where it is transformed

into cell wall substance, or is used up in cell nutrition. When
the conditions are favorable this stream, filled with its gran-

ules of protoplasm, nuclei, etc., moves rapidly, reminding one

of a river filled with logs and debris upon which one looks

down as from a mountain. In motion pictures of the hyphae

this resemblance is remarkable. The protoplasmic substances

continually burst out by stretching the newly formed wall

at the growing tip, forming a tube of the same diameter

throughout. Thus the hypha by growth increases in length,

this being an important means of spreading the infection.

Waste products of hyphae serve as chemical stimuli directing

the growth toward the periphery of the infection spot.

120
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FIG. 5. SECTION OF rOTATO LEAF AND
CONIDIOPHORES OF PHYTOl'HTIWh'A

In growing through potato tissue at its normal rate the

Pythium hypha meets with a cell wall barrier about every

twenty minutes, this being the average time required for the

hypha to transverse the average potato cell 1/150 inch in

diameter. It takes the hypha only five minutes to penetrate

the cell wall. To the author this seemed to be entirely too

short a time to account for the breaking down of the potato

cell wall by a process of digestion. That process would in-

volve the- excretion of several kinds of enzymes, or ferments,

a naturally slow process, for enzyme molecules are complex
and diffuse slowly. Also, it has been found that Pythium de

Baryatmm produces enzymes which dissolve the pectinous

substances which hold the potato cells together, but it does

not produce enzymes which are capable of dissolving the cel-

luloses of the secondary thickenings.

Good evidence has been obtained from observation and
from photomicrographs secured on motion picture film, that

mechanical breaking of the cell wall is an important factor

in the spread of Pythmm de Barium inn through potato tissue.

In the photographs (Figs. 1, 2, 3) the hypha pushes against

the cell wall by growth pressure so that the wall is bent in

and may give away before it. The actual rupture of the potato

cell wall is probably due to development of hydrostatic pres-

sure against it after the fungus hypha has become cemented

fast to it. The pressure required to break through the wall

has been determined by using fine glass needles and a delicate

spring balance. The osmotic concentration of the cell sap

of the fungus is sufficient to develop the hydrostatic pressure

required to break the cell walls of some varieties of potatoes,

but other potato varieties have walls too resistant to be broken
by i be hyphae and these varieties are highly resistant to

the "Leak" di.soase. From this it is seen that growth phenom-
ena ;ire Important in the dissemination of the fungi and in

this case that mechanical penetration of the wall is (be de-

termining factor in the spread of the fungus.
Some fungi are actively disseminated by the production of

free swimming spores. These zoospores swim about in the
moisture of the soil or in dew on the surface of leaves or
stems. They have an active period of a few hours, which
carries them well away from the old infection spot. They
i lien settle down, form a new hyphae, and start a new infec-

tion spot, usually by penetrating the cuticle of the host or by
entering it through stomata. Such free swimming spores have
a very important Limitation for their activity. They are ab-

solutely dependenl upon moisture for their dispersal. For
I his reason some of the diseases caused by them are limited in

their dissemination to rainy periods. The zoospores are very
sensitive to such poisons as copper. For this reason the
use of copper sprays is an effective control measure against
such diseases. The poisonous compound sticks to the leaf,

going into solution in small amounts in each drop of dew on
the surface. Consequently, when zoospores swim into such
a solution they are quickly killed and dissemination of the

infection is prevented. One good example of this practice of

disease control by spraying is found in the "late blight" of

potatoes caused by Phytophthora mfestans.
The mycelium of Phytophthora infestans grows within the

potato leaf and sends out branched portions (conidiophores)

which protrude through the stomata into the open air. Egg-
shaped masses of protoplasm called condia, or zoosporangia,

form at the tips of the conidiophores. When mature conidia

of Phytophthora come in contact with dew their protoplasmic

contents quickly divide into several masses called zoospores.

Zoospores are able to swim about by means of whip-like

flagellae.

In the species of Phytophthora which causes a disease of

rhubarb, the method of dissemination is much the same as in

the above-mentioned case. One sees first, as in Figure 4, the

normal granular protoplasm of the zoosporangium previous

to the appearance of cleavage lines which indicate the ap-

proaching active stage of germination. In Figure 6 the tip of

the sporangium is shown somewhat swollen and about to

break. The protoplasmic contents are plainly seen to be col-

lecting into divisions for the formation of zoospores. In Fig-

ure 7 the tip is just about to break open, and in Figure S the

zoospores are actively escaping and swimming about. All this

process occurs within a few minutes. The pore of the sporan-

gium through which the zoospores escape is smaller than the

zoospores. It is interesting to watch under the microscope

(Fig. 9) these zoospores crawling out throug-n the hole like

little pigs wiggling through a hole in the fence. After swim-
ming about for an hour or so these zoospores settle down, lose

their flagellae and round up. They then send out a germ tube

which may penetrate the rhubarb plant and start an area of

infection.

Although the dissemination of diseases by zoospores is most
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FIGS. 6 TO 9. STAGES IX THE GERMINATION OF THE SPORANGIUM OF PHYTOPHTHORA INFESTANS
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common during wet periods, even then their spread may be

kept in control by their natural enemies unless man in his

agricultural operations has upset the normal balance. The
rotifers, infusorians, and possibly other soil animalcules, are

natural enemies of the zoospores. Each animalcule may swal-

low zoospores until it is fifty times its normal size in an hour

or so. In fact, one of the infusorians, Keronia, has been ob-

served to swollow a continual stream of the zoospores of

Physoderma zeamaydis, a fungus which causes a disease of

corn in the southern states during wet seasons.

Under conditions in nature undisturbed by man there is

such relation between climatic conditions, the parasite, and

its natural enemies, that a balance is kept much better than

when man upsets some condition by his agricultural operations

and thereby allows the spread of some disease to an abnormal

extent.

san-Biirgi, which has been widely employed in Switzerland
for the last few years. Dr. Burgi also recommends that
special care should be taken to have the daily diet rich in

chlorophyl, in other words, in green vegetables, pointing out
that most of our vegetables are very poor in their chlorophyl
content. It is also particularly advisable to see that the daily
diet of feeble and anaemic persons should contain not only
preparations of iron but a liberal amount of chlorophyl.

GREEN PEAS AND SPINACH AS A TONIC—CHLORO-
PHYL AS A BLOOD MAKER AND ENERGY

PRODUCER
Foe the building of a molecule of haemoglobin, the chief

essentials are albumen, iron, and four-membered pyrrol rings.

These rings are present in the coloring matter of blood as well

as in chlorophyll or green coloring matter of plants; on this

account the question suggests itself as to whether the bodies

of men and animals are likewise capable of producing them

synthetically from the pyrrol-containing amino acids found

in albumen (prolin and tryptophane) Emil Burgi, writing

in the Therapeutische Monatschefte, 1918, Nos. 1 and 2, dis-

cusses this question most interestingly. He begins by men-

tioning that according to the newest investigations of Will-

staetter and his followers, the chemical relationship first

observed by Menki between the green coloring matter of

leaves and the red coloring matter of blood is not so close as

was formerly observed, but that as regards the formation of

haemoglobin out of chlorophyl only the pyrrol rings of the

latter substance are concerned. Apparently blood is capable of

forming blood, especially in flesh eating animals. Most

human beings have a natural reluctance towards the taking

as food preparations of blood and as a matter of fact such

preparations never consist of pure haemoglobin or of haema-

tine, and may, moreover, very probably contain injurious sub-

stances because of their plasma content. By an extensive

series of experiments, made first with guinea pigs, Mr. Burgi

proved experimentally that chlorophyl possesses the property

of forming haemoglobin. The guinea pigs were first reduced

to an anaemic condition either by the loss of blood or by means

of phenylhydrazin and were then given suitable doses of

chlorophyl. It was found that they recovered the normal

character of their blood as rapidly through the doses of chloro-

pyyl as by the doses of iron ordinarily employed to relieve

an anaemic condition. Their recovery was most rapid, how-

ever, when both chlorophyl and iron were given. When ad-

ministered to animals which were anaemic chlorophyl made the

blood richer in both red corpuscles and haemoglobin.

Dr. Burgi next made clinical experiments. He found that

when chlorophyl was used with a very small amount of iron,

about one-third the usual dose, it was very effective as a

curative agent, especially in cases of secondary anaemia and

of chlorosis. The experimenter observed also that the chloro-

phyl exerted a very invigorating effect, which he does not

believe can be ascribed purely to its faculty of producing blood.

Further experiment showed that the green coloring matter

gently stimulated the action of both the heart and the intes-

tines, and it seems apparent that when the food contains

chlorophyl it is better assimilated. This invigorating power

of chlorophyl is exhibited not only in animals but in human
beings. The symptoms experienced were an agreeable in-

crease in the sensation of well-being, a feeling of greater en-

ergy and the disappearance of fatigue when the chlorophyl is

administered for a few days. Most of these results were ob-

tained with a special preparation of chlorophyl, called chloro-

DIFFERENCE OF POTENTIAL IN BIOLOGY
Of recent years an increasing amount of interest has been

shown in the electric phenomena associated with the vital

processes of living creatures, and all the more so since it has
been understood how closely connected are electrical and
chemical phenomena. Some highly interesting experiments
along this line have been recently made by a French scientist,

M. J. L. Pech. His conclusions as reported at a session of the

Society de Biologie in Paris, March 13th, 1920, are as follows

:

1. The differences of potential between organic tissues and
the liquids with which they are in contact including even the

blood circulating in the blood vessels of living creatures, are
capable of being modified by the action either of certain

physical agents or that of chemical agents or that of organic

products.

2. Osmotic exchanges are capable of being modified by varia-

tions in the difference of potential between an organic tissue

and a liquid with which it is in contact.

M. Pech gives the details of four experiments whose results

led him to adopt the above conclusions.

All the measurements concerned were made by connecting

the object experimented upon with the movable apparatus of

a quadrant electrometer either of the Branly or of the

Marcart type, having a difference of potential of 220 volts

between each couple of quadrants. The connections were made
by means of lines practically without capacity, without self-

induction, and without contacts of variable electrical state.

Exp. 1.—A living carrot, i.e., one just taken from the ground

and still capable of being transplanted, had its fleshy root

immersed in water up to half its height, whereupon there

was found to be a difference of potential between the water
and the foliage of about 4 volts. This difference was increased

to 8 volts by the action of ultra-violet rays and disappeared

when 10 drops of nitric acid were added to each 100 grams of

the solution.

Exp. 2.—Symmetrical muscles of equal weight were taken

from a rabbit which had been freshly killed by the piercing

of the medulla bulbe. When these muscles were immersed in

distilled water they were found to increase in weight (the

difference of potential between the water and the muscle be-

ing about 1.5 volts). This increase of weight was found to be.

greater when by combining sources of electric energy the

muscle was rendered negative with respect to the water,

whereas it was less when the muscle was positive with re-

spect to the water. Exposure to a beam of ultra-violet rays

raised the potential of the muscle with respect to the water

and diminished the absorption of the water.

Exp. 3.—It was found that there is a difference of potential

of 2 volts between the blood circulating in the auricular vein

of a rabbit and the muscles of its thigh. This difference dis-

appeared when the thigh was exposed to a beam of ultra-

violet rays and this phenomenon was found to persist for a

full hour after the exposure to the ultra-violet rays had ceased.

Exp. 4.—Tissues freshly taken from a white mouse just

killed by the piercing of its medulla were placed in contact

with the toxin of diphtheria, and it was found that a differ-

ence of potential of 4 volts existed between the tissues and

the toxin. When anti-diphtheria serum was substituted for

the toxin this difference of potential was reduced to 2 volts,

while between the tissues and a mixture of diphtheria toxin

with anti-diphtheria serum the difference of potential was nil;

this difference attained 2 volts when this mixture was re-

placed by a mixture of diphtheria toxin and anti-tetanus serum.



"Brownies" of the Insect World
Grotesque Little Creatures Known as Leaf Hoppers and Tree Hoppers

By May Tevis

AMONG the quaintest of the insects that people our world
and compete with us for the provender provided by the

"•plant kingdom, are those active little jumping creatures

known as Leaf Hoppers and Tree Hoppers. The accompanying
pictures show how grotesque some of these are in form. Among
the principal ones are certain members of the Membrasid:e
of the order Hemiptera, which are called more especially the

Tree Hoppers and the Leaf Hoppers, the most important of

which are the Grape Leaf Hopper, sometimes called the Vine
Leaf Hopper, the Apple Leaf Hopper, the Rose Leaf Hopper,

and the Frog Hopper or Frog Spit Hopper.

The word "hopper" is of course a popular term and is

somewhat loosely applied, as might be expected. It is often

used to include the lantern flies and it has been suggested

From "Insect Life." Courtesy of D. Appleton Co.

A GROUP OF TREE HOPPERS OR '-BROWNIE BUGS"

that the latter be termed plant hoppers. All these creatures,

live on the juices of leaves and have sucking organs to obtain

their food. By "leaf hoppers" we usually mean those which
live on grasses and herbs instead of on trees or shrubs.

THE TKEE HOPPEliS

The Tree Hoppers live upon trees, vines and bushes and
have as sprightly a gift of jumping as the flea. Many of

them are curiously shaped, sometimes having camel-like

humps on their backs and sometimes having horns like the

one known as the Buffalo Tree Hopper, while in all the

prothorax is prolonged so as to project like a roof over the

body. The well-known entomologist, Professor John Henry
Comstock of Cornell University, has aptly dubbed them the

Brownie Bugs. In his book "Insect Life" he describes them
as follows:

"If the young entomologist wishes to laugh, let him look at

the faces of tree hoppers through a lens. A front view of

several of these insect-Brownies is given in our picture. Their

eyes have a keen, droll look, and the line that separates the

head from the prothorax gives them the appearance of wear-

ing glasses. In some cases the prothorax is elevated above

the head, so that it looks like a peaked nightcap ; in others it

is shaped like a tam-o-shanter ; while others have prominent

horns."

THE LEAF HOPPER

Leaf hoppers are commonly found in pastures and meadows.

The females lay their eggs in November in the tissues of the

leaves and the young can be seen developing within the egg

without removal. They are especially noticeable just prior to

issuing by their jet black eyes. A few days after hatching

the young leaf hoppers molt and the molt again twice there-

after, the full-grown individuals making their appearance

December 22nd, giving a life period of forty-one days from the

egg to the adult. The species seem to hibernate both in the

egg state and in the adult condition and to have several gen-

erations each year. Osborn found the eggs inserted under

the skin of the leaves of blue grass, making little blister-like

swellings near the tips and causing them to turn yellow.

Those which hibernate in the egg state issue in great num-
bers in grass lands early in May. There are two generations
each year, the young being most numerous in late May and in

August and the adults in June and in the fall. Large num-
bers have been attracted to the electric lights in Illinois.

Walking over our lawns or through pastures and meadows
we often startle from the grass hundreds of small, usually

greenish, little insects that leap or fly for a short distance,

but soon settle again in the herbage. Nearly all these small

and active insects are sap-sucking leaf hoppers of the family

Jassid;e, one of the largest and most injurious of the Hemip-
terous families. It is stated by careful students of these

grass-pests that from nearly one-fourth to one-half of all

the grass springing up annually is destroyed by leaf hoppers.

Professor Osborn estimates that over one million leaf hoppers

can and often do live on an acre of grass-covered ground.

These insects are rarely more than % inch long, and most of

them are nearer half of that. The body is more slender than

in the tree hoppers, and is usually widest across the protho-

rax or a little behind it, tapering back to the tip of the

folded wings. The head is more or less triangular, as seen

from above, and the face is oblique, sloping back to the base

of the forelegs. The family is a large one, containing many
species, of which several are well known to economic ento-

mologists as special pests of grasses, growing grain, grapes,

roses, etc. The injury is caused by the draining away of the

sap of the plant by the host of little sucking-beaks thrust into

its leaves or stem. Among the notorious destructive species

is the destructive leaf hopper, Cidadula exitiosa, 1/5 inch

long, brownish, which often injures seriously the winter wheat

of the Southern States. Also the various grape-leaf hoppers

which cause the leaves of grape-vines to wilt and turn brown
and prevent the formation of full grapes ; one of these,

Erythroneura mtis, is about % inch long, crossed by two

THELIA BIMACULATA

blood-red bands and a third dusky one at the apex. "I have

seen millions of individuals of Erythroneura comes in the

great 3,300-acre vineyard of the Vina Ranch in the Sacra-

mento Valley of California," says a well-known authority.

"These leaf hoppers hibernate in the vineyard or about its
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edges under fallen leaves and rubbish. Probably the best

remedy for them is to keep the vineyards as clean as possible,

or at least to burn up in the winter any accumulated rubbish."

The rose leaf hopper, Typhlocyba rosce, is often abundant on

rose bushes, and also on apple trees. The eggs are laid in the

summer, and the young develop through the summer and fall,

hibernating as adults under leaves or rubbish. A common
leaf hopper of grass fields is Diedrocepliala mollipes, 1/3 inch

long, spindle-shaped, grass-green above, pale yellowish below,

with black lines across the face and top of head, and the

fore wings witli bluish veins and yellowish edges.

MEMBRACIDAE

The prothorax of the tree hoppers is variously modified and.

in some of the tropical species, the modifications are very ex-

traordinary. The young differ from the adults in being more

normally shaped. Many of these young and some of the adults

excrete "honey-dew," much as aphids do, and are eagerly

attended by ants for the sake of the fluid. All of the species

suck plant juices and the eggs are usually laid in the tissues

of the food plants. Most of the species live on trees and low

bushes, hopping vigorously when disturbed. They are best

collected, says Dr. Prank Lutz, by beating them into an

upturned umbrella, but the collector must act quickly or they

will hop out again.

A synopsis of the genera, by Goding, is given in Transac-

tions of the American Entomological Society, Vol. XIX. Ce-

resa bubalus, the Buffalo Tree Hopper, is often injurious to

young orchard trees, especially apple, by reason of the scars

made in the bark when the females lay their eggs. If a

simple slit were made, it would not be so bad, but there are

two slits at each place, crossing beneath the bark and so

killing the intervening part. Most of the young leave the

trees to feed on nearby weeds.

FULGOK1DAE OK LANTERN FLIES

The prothorax of the membracids is over-developed but the

Fulgorids have excessively large heads. Ftdgora lanternaria

of the American tropics is an extreme type and one of the

insects which is commonly sent to the American Museum of

Natural History as a great rarity, according to Dr. Lutz. It

illustrates the truth that weird-looking things are not always
rare ; it and some of its relatives have given the common name
of Lantern Flies to the family. There are circumstantial

stories concerning the luminosity of Fulgorid heads and cate-

gorical denials of these stories. "The Noes probably have it

but, at any rate, the name sticks." Other species, such as

Acanalonia bivittata have a more normal head and frequently

look like small moths. Such species are often covered with

an easily rubbed "meal" and, in the tropics, there are species

which bear so many and such large filaments of a waxy sub-

stance that other insects live in the excretion. The eggs are

supposed to be laid in plant tissues but although there are

many species even in our region (New York)—more south of

us they have not been well studied. Later authors split the

family into a number of separate families or subfamilies.

CEROPIDAE

The Frog Hoppers or Spittle Insects get their common names

by being broad, squat, hopping creatures whose young live in

JASSUS OLITORIUS

CYRTOLOBUS SPEC

masses of white froth, sucking sap. "The spittle is a viscid

fluid expelled from the alimentary canal of the insects and
beaten up into a froth by the whisking about of the body.

What advantage it is to the young insects is hard even to con-

jecture; it certainly is not known" (Kellog). Possibly it is

a protection against drying out and it is said to harden into a

protective shell when the insect molts.

OTHER LEAF HOPPERS : CICADELLIDAE

In the South the species of Leaf Hoppers which attack cotton

have been named Sharpshooters and Dodgers. All of our nu-

merous species are small and occur on vegetation of various

kinds, especially grasses. Doubtless the small amount of sap

taken by each of thousands of individuals amounts to a great

deal per acre of grassland, vineyards and orchard.

Not all the injury clone by these various forms of sucking

bugs is obvious, and so used does the farmer become to the

loss that very often he does not appreciate it. A simple ex-

periment made by one of our economic entomologists proved

that leaf hoppers in grass fields in his state were so numer-

ous that they shortened the crop one-half. Demonstration of

this was made by dividing a meadow into two equal parts,

pasturing cattle on both, but collecting the leaf hoppers by

means of hopper-dozers on one part only. This part supported

exactly twice the number of cattle during the season that

could be maintained where the hoppers were left undisturbed.

The New Jersey entomologist, John Bernard Smith, re-

marks : "It is comparatively easy for the farmer to estimate

his loss when the green fly drains his wheat so that instead
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of the expected twenty bushels lie harvests only ten or nunc at

all. The drain upon all sorts of crops by the myriad of speci-

mens constantly sucking plant juices and reducing the yield

to a less obvious extent, is rarely capable of estimation, but
varies from ten to fifty per cent almost every year on most
of our staple crops. This sounds like an exaggeration, but

every person who has ever studied the problem at all care-

fully will agree in the estimate, I think."

The hopper dozer is a sort of trap which is run over fields

infested with leaf hoppers or grass hoppers and which gathers

FAGARONIA TRIPUNCTATA

up the insects on a bed of soft tar or petroleum. It is oper-

ated either by horse-power or by man-power.

RECIPROCITY OF GROWTH IN THE TWO SIDES OF AN
ANIMAL.

Some very curious experiments are described in the Natiir-

icissenschaftliche Umschqu, the supplement of the Chemiker-

zeitwng (Berlin) for January and February, 1915, concerning

the symmetrical equilibrium between the two halves of an

animal's body. If the bodily symmetry is disturbed by means
of an amputation on one side, this equilibrium is, of course,

disturbed. But it has been found that after a certain lapse

of time this symmetry is restored by one means or another.

If, for example, we clip both antennae, but at different points

in the water flea, a small isopod, very common in fresh water

(Asellus aquaticus), the shorter one of the injured antennae

grows faster than the other, and the balance has been restored

even before they have stopped growing. If only one of the

antennae is cut off, it is regenerated but remains smaller and

less differentiated. However, soon after the uninjured antenna?

begins to atrophy. The same thing occurs when one of the nip-

pers of a crab is amputated. In this case a smaller and tooth-

less one grows out and at the next shedding of the skin the

opposite claw likewise loses its differentiation and dentated

condition. The larva of the water bug Hydrophiles, possesses

two jaw bones each armed with two teeth; if one of these

is removed it is regenerated, but without the tooth and when
the shedding of the skin occurs the opposite jaw is likewise

found to have only one tooth.

THE ONLY INSECT FOUND IX THE SEA
Of ail forms of animated lite the insects are those which

are most: abundant, UOl only upon the hind hut in the water,
Since a great many species are specially adapted to living near
water and even spend part of their lives as water animals, as
in the case of the hlrvae of mosquitoes. It is a singular fact,

however, that the ocean which is so richly provided with such
various forms of life, ranging from protozoa to the highest
forms of warm blooded mammals, such as whales and seals,

can boast of but a single insect. This creature is interestingly

described by M. A. von Luetgendorff in a recent number of
Kosmos (Stuttgart), The reason for the general absence of

insects upon the surface of the sea is obviously, says this

authority, the almost ceaseless and often violent motion of
the masses of water, together with the general lack of plant
life, such as might furnish sheltered dwelling places for in-

sects. In view of these reasons it is all the more surprising

to find that on«. species of insect has been able to adapt itself

lo life nil the ocean waves. This is the sealing Halobates,

closely related to the fresh water insect Hydrometra, the
well-known "water runner." The structure of this little crea-

ture's body is admirably adapted for existence upon water in

almost constant motion. Thus we see that while the Hyclro-

metra possesses a comparatively long abdomen in the Halo-
baies it has become so greatly reduced that the heart, intes-

tines and organs of sex, which in other insects are contained

in the abdomen are here found in the thorax. An examination
of the insect at once shows the advantages which this structure

possesses—on the one hand there is a smaller weight to be

borne by the surface of the water and on the other hand is

an entirely free motion of the rear pair of legs, which motion

would be considerably interfered with by even a moderate
sized abdomen. The middle pair and hind pair of legs are

ideal members for swimming purposes. The middle pair is

also provided with finer but more abundant and longer hairs

at their ends. The object of this fringe of hairs becomes ob-

vious when the insert is seen in motion, since the hairs and

the air entangled in them increase the surface of the legs and

of the body and thus make it easier for the insect to run

over the surface of the water. The fore pair of legs, on the

ACANALONIA BIVITTATA
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other hand, are much shorter and stronger and are fit less

for swimming than for the capture of prey, they also have
stronger claws by means of which the insect is able to seize

its victims. Just what the "sea-bug" eats is still, however,

quite uncertain. The head cf the insect is well shaped with

large eyes and moderately

long antennae. Certain pecul-

iar hairs are possibly, in the

opinion of Dahl, the organ

of some unknown sense. The
body of the insect is about 3

millimeters long and is usu-

ally of a moderately dark

even gray tone, while its hai ry

underside has a silvery white

gleam like that of many
fishes. The legs sometimes

have a bluish steely tint.

This insect of the sea was
first discovered in April, 1816,

in the southern tropics by the

entymologist, Ivan Eschsholtz,

physician upon the expedition

zoffs. Some fifteen kinds of

THE ONLY INSECTS FOUND IN THE SEA

who was acting as ship

sent out by the Roman-
the Habolates are known

which exhibit slight differences in color, etc. They
are found exclusively in the tropic seas in comparatively calm

stretches of water and can be best observed on days when
there is little or no wind. They usually prefer the high seas

to the vicinity of the coast, which is readily understood when
we consider how helpless creatures so neatly designed for life

upon the water would find themselves when by accident thrown

upon land. At a in the accompanying engraving may be seen

the Ealobates germanus, while & and c are respectively male

and female specimens of Halobates micans.

MAKING THE CORMORANT EARN HIS LIVING
One of the birds most widely found in nearly all parts of

the world is the common cormorant. And wherever

he is found he is noted and notorious for his voracity.

Since the word comorant has become a synonym for greed the

big dark birds are not by any means popular.

The Chinese, how-

ever, have been clev-

er enough to turn

this very trait of

greediness to their

own advantage. For

many years it has

been the custom in

China regularly to

breed and train cor-

morants to catch

fish for their masters,

just as falcons in the

Middle Ages were

trained for the hunt.

The birds are so ex-

pert that they are

considered very

profitable, so much
so that the govern-

ment regularly taxes

them. While the

cormorants in China

are bred and reared

in captivity, it is

customary to set the

cormorant obediently

and
feet

But he knows that at the end of the catch this band will be

removed and he will be liberally fed from the less choice por-

tions of the catch.

Doolittle says that the bridges of Fuchow are often crowded

with spectators enjoying the exhibition of the birds' skill.

The fisherman stands upon a

raft, about 90 centimeters

wide and from 5 to 7 meters

long—this raft is made of

bamboo and moved by an oar.

The fisherman throws or

pushes his cormorants into the

water and if they fail to dive

he either beats the water

smartly with his oar or in-

flicts punishment on the lazy

birds therewith. When the

cormorant catches his victim

at a considerable distance

from the raft, his master

makes haste to reach him, es-

pecially if the fish taken is large and is putting up a gallant

fight to get away. When near enough he casts over the big

bird and its victim a pouch-shaped net attached to a pole, not

unlike a big butterfly net, and draws them in. Sometimes an

unruly bird tries to fly off with his prey and occasionally suc-

ceeds. Brehm tells us that occasionally when the cormorant

tackles a fish, which is evidently too big for him to manage,

several other birds will hasten, not to the rescue, but to dis-

pute the booty ; whereupon a very pretty row occurs among
the birds to the enthusiastic delight of the spectators.

Cormorants are by no means unintelligent birds. They

are very cautious and suspicious of possible enemies. A
curious story which bears witness to their intelligence is to

the effect that when captive they will make use of pelicans,

their fellow captives, to break the ice which chances to cover

the pond in their enclosure. They do this by getting behind

the bigger birds and nipping them and teasing them until

one of them is forced to break a path in the ice to get away
from his tormentor. Then the wily cormorants can enjoy

the water in the wake of their feathered ice breaker.

CHINESE FISHERMAN AND HIS TRAINED CORMORANTS RETURNING
FROM A FISHING TRIP ON THE YANTZE KIANG

eggs under a hen. A properly trained

dives at the bidding of his master
promptly lays the fish he has caught at his master's

Perhaps he is assisted to be on his good behavior by
the fact that there is a band slipped about his neck fitting

sufficiently close to prevent the swallowing of the scaly dainty.

ULTRA - VIOLET
LIGHT AND
PLANTS

A Japanese chem-

ist named Tsuji is

reported in the Jan-

uary number of

Chinvie et Industrie,

as having demon-

strated with great

accuracy the rela-

tions which exist be-

tween ultra-violet

rays and the forma-

tion of carbohydrates

and other compounds

in the banana, the

pineapple, and the

sugar cane. He has

made the interesting

discovery, further-

more, that ultra-vio-

let rays obtained

from the quartz mer-

cury lamp are much more energetic than the rays from the

sun. He states, in fact, that by the use of this lamp the period

of 20 months, normally required to grow a crop of sugar

cane can be reduced to 12 months. However, the cost of

furnishing such an irradiation of the crop is not taken into

consideration.



Geography in Industry and Business*
The Need of Geographic Training if America Is To Hold Its Place in the Commercial World

By J. Paul Goode
Professor of Geography in the University of Chicago

AMERICA today stands on the threshold of a phenomenal
industrial and commercial opportunity. Our commercial

interest in the outside world as measured in total

foreign trade has grown in fifty years from less than a billion

dollars per year in value, to over 12 billion. And from a rank
of third among the great commercial nations, to first in rank.

And yet we know that we are just fairly launched in foreign

trade. Never in the history of the world was there such an
opportunity for national expansion in world relations. And
this is no idle boast. For we, as geographers, know the ma-
terial resources, and geograhpic advantages, which underlie,

which make possible, and which set the limits on industrial

and commercial development. Let us, for one minute, run

the gamut of these fundamentals, taking note of our share

of the world's supply, and so get our bearings as to our op-

portunity for development in business.

I. TKE FUNDAMENTALS OF INDUSTRY AND COMMERCE
As we are all well aware, energy, power, is the most im-

portant single resource—the muscular power of ' men and
beasts, or, what today is much more significant, the inanimate

power of steam and electricity, given the world most largely

through the burning of coal. Over half a century ago, Stanley

Jevons said it best
—"Nations with coal command." And if

we add to coal, iron, copper, and petroleum, we have the four

most fundamental and significant material resources of the

modern world. Nations are powerful in industry, commerce
and war just in proportion to their holdings of these re-

sources.

Our opportunity for industrial and commercial development

is measured by our wealth in these, and some other significant

material resources. Let us recall, to get our advantages

clearly before us, how large a fraction of the world's supplies

we hold. Of the seven and one-third trillion tons of coal in

the world, known and workable under present conditions, four

trillion tons, over one-half of all of it, is within our borders.

Moreover, we are producing now about half of the world's

coal, half the iron, four-fifths of the copper, two-thirds of the

petroleum, nearly half of the lead and zinc, about two-thirds

of the aluminum, a quarter of the wheat, three-quarters of the

corn, nearly one-half of the pork, and two-thirds of the cotton.

And with our enormous advantage in coal we are trans-

forming these raw materials into finished product for all the-

world, and are concentrating our population in mushroom
industrial cities—over one-half the total population there now
—and these cities are calling on all the world for food, and for

raw materials for their workers and factories.

At the beginning of the war the value of our foreign trade

had risen to over four billion dollars in the year, one-half of

which was export. The war has been very destructive to the

trade of our nearest rivals, France, Germany, and Britain,

while almost in equal measure our opportunities in foreign

trade have grown, until now we find ourselves, at the close

of the war, the leading commercial nation, with a total for-

eign trade almost twice as great as that of the greatest nation

on earth in 1914, and with a very good prospect of holding

the lead.

A sober survey of our advantages shows us our manifest

destiny : to do the manufacturing and trade for half the en-

tire world. Now these relations call for a large and intimate

acquaintance with the peoples and problems of other lands.

We are, willy nilly, an active member of the great family of

nations. We can no longer stand aloof. We may not remain

*Paper read at the Spring Meeting of the Association of American

Geographers, "with the American Geographic Society, New York,

April 16, 1920.

provincial. Our daily lives are shaped, and our prosperity

waxes or wanes with the changing welfare of the nations who
buy from us, or to whom we sell. It comes to be our daily

need, as it should be our constant pleasure, to know the cur-

rent progress of affairs in every quarter of the globe. That
is, we have arrived at the time when our business men and
their agents, by the legion, need a thorough grounding in

geography as a part of an adequate education for business.

But as soon as we begin to specify the training for the in-

dividual merchant, the geographical requirement may widen
out into a demand for research, it may be, of a most detailed

and careful sort. For example, we are buying now oyer 80

per cent of the world's raw rubber. The demand for rubber
far outruns the available supply. Merely to go as a merchant
into the wilds of the Amazon and induce the natives to bring

in gum, at the expense of killing the trees to get it, has got us

nowhere, except in sight of the exhaustion of the source of

supply. It is only when geographic research is made into the

climate, soil, native labor supply, and transportation service,

that regions on the other side of the world are found to be the

hope of the future supply of rubber, so that now about three-

fourths of the world's current supply of rubber comes from
the realm of the rainy tropics of southeast Asia. There is no

reason why the rainy tropics of the Atlantic margin may not

serve also—and research is even now being called for to this

end.

In many other commercial fields, the work of the trained

geographer is going to be in demand. For example, the re-

gions with coal are so rapidly developing a dense city popu-

lation that the question of the food supply for industrial

populations comes to be vital. The starches, the sugars, the

proteins and the oils, must be found somewhere, and carried

to the manufacturing populations. The largest undeveloped

source of supply of these fundamental foods is in the tropics.

Think of the profitable service the geographer may render,

in solving the problem of the proper interrelations of climate

and soil, as related to the best adapted crop—the source of

labor supply, the sanitary requirements, the transportation

service. Already sugar and tropical fruits rank among our

most important imports, and we have just begun to develop

the tropical trade.

This year our country will export goods to the value of

about six billion dollars. How the foreign nations are going

to pay for these goods, is a very serious problem to the

traders and their bankers. In the long run, a nation cannot

buy goods of a value much greater than that of the goods it

sells. Then, too, so many of the nations are relatively unde-

veloped, that to produce the goods of which they are capable,

requires new capital, to clear their lands, to develop their

mines, to harvest their crops, to make roads and railways, and

ports, and we must send them endless capital. Just in pro-

portion as we furnish the capital, we will be in line to build

their railways, and to sell them the manufactures they re-

quire. And think what a tax this puts upon the "wisdom of

our investors and bankers. They are in a position where

they must know every relevant thing that may be known about

the region where the investment is to be made. The infor-

mation they want is exactly that which the geographer is

anxious to supply. The relief of the land, the mineral re-

sources, the soil, the climate, the natural vegetation, the

most advantageous crops, the people, their number, their char-

acter, their ability as workers, their stability, the kind of

supplies »they may be interested in buying, the endemic dis-

eases of the region which may stand in the way of commer-

cial development, and the possibilities of improvement by
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scientific sanitation ; the facilities for transportation by land,

and by water. These things are typical of what the geogra-

pher is interested in knowing, they are exactly the things

the hanker and the investor want most to know. For a gen-

eration the German bankers, and foreign traders have insisted

that the young men they send into foreign fields shall have

had the special training of the technical trade schools, in

which commercial geography is a fundamental study, and the

young men going to a given region have been given a careful

detailed training in the geography of the region. It is in-

structive to know that in the splendid development of the

National City Bank of New York promising young college

men are selected as apprentices for the foreign trade field,

and to give them the definite training required In geography

and some other branches the bank has established a school

of its own, not being able to count on that training being

given in our colleges as now managed.

II. GOVERNMENT CONTACTS WITH THE OUTSIDE WORLD

One thing the great war has demonstrated very clearly is, that

the real prizes about which nations quarrel and governments

come to blows, are economic prizes. The endless question

is, who shall owu the rich mines? who shall own the rich

soils? who shall reap the economic reward of carrying the

goods across the seas? It is when rich coal mines are demon-

strated in Spitsbergen that the sovereignty of the islands be-

comes a live issue. It is when the Rand is proven rich in

us, in our daily work, the geographer finds his opportunity to

governments of South Africa go clown to defeat before the

great nation. It is the wealth of the oil wells, and the silver

mines of Mexico which more than anything else brings politi-

cal and social woe to our sister republic. It was the coal field

of the north in France, and the iron mines in Lorraine which

Germany coveted so keenly as to cause her to wreck her

own career and bring endless woe to all the world. In all

the new lands on earth the powerful hand of some strong

government is more or less potently in the shadow of every

merchant and every trade transaction. The more widely

our merchants travel in extending their trade, the more inti-

mately our government is brought into the affairs of other

lands. It is the fashion in the world now for the government

to assist her merchants, to look out for trade opportunities,

to gather the information for the development of new fields,

and to safeguard the merchant in his effort to extend his

trade in foreign lands.

Our government is developing splendidly along these lines.

The consular service is making a good record in observation

of trade conditions. Commercial attaches are now at work

in great commercial centers, and special investigators are

working various regions, and industries, in the service of our

manufacturers and merchants. But most of these men are

not trained geographers, and to us who are working over

their published material day by day, it is plain that there

is much room for improvement: in the point of view; in

the significance of the things observed; in the absence of

observation on critical relations; in the interpretation of con-

ditions recorded.

The development of our Shipping Board, War Trade Board,

and War Industries Board during the war, furnishes a classic

example of what geographic training is worth. In less than

a year the merit of a good geographic foundation placed the

three or four men who had it, into the top positions in the

service, over the heads of many men who had spent their lives

in the detailed business of foreign trade. And if the Gov-

ernment service in all these lines is ever to be put or kept at

a high degree of efficiency, it will be because the geographic

training is recognized at its true value, and required of all

the candidates for such government positions.

III. OUR PRESENT LACK OF GEOGRAPHIC TRAINING

When we look around us in our own circle, to see what

service geography may give to business, there is endless evi-

dence of opportunity. The average business man is as inno-

cent of geography as an egg is of hair. Nor is he different

from his fellows. What little geography the antiquated,

lop-sided school system permitted him to have he has forgotten.

One prosperous merchant in the Stock Yards district was
waited upon by our committee from the Foreign Trade Divi-

sion of the Association of Commerce to get him interested

in trading in Argentina or some adjacent state in South
America. "Why," he said, "I'm doing a good business down
there now. I'm selling a lot of goods to Australia. By the

way, what part of South America is Australia in, anyway?"
Another merchant, only a few weeks ago, had a large order

from Norway. He came to his banker with it, and the foreign

trade man undertook to get the papers ready for him. The

man called up the next day to say he had been thinking the

matter over, and he didn't know as he wanted to do business

with that blank bolshevist Russian state.

One merchant thought the Ukraine a new kind of break-

fast food, while another thought it a musical instrument

something like a banjo. And yet when the real geography is

put before these men, they sit up and take notice. One of the

men in our department is, as it were, specializing in Chambers
of Commerce. He gives addresses on subjects in economic

geography, or geographic interpretations of countries, or

regions, or trade situations. The addresses are given in con-

nection with noonday lunches. The dining room is packed.

The usual audience is 500 to 1,200 men, the keenest, livest

wires in our business world. And they invite him back year

after year.

IV. THE NEED OF GEOGRAPHIC TRAINING IN BUSINESS IN THE
HOME LOCALITY.

The interest in the wide world, and its business activities

and opportunities is aroused, and the service of the geogra-

pher is beginning to be recognized in it. But we do not need

to go so far afield to find all manner of occasion for the geog-

rapher's point of view, and his special research. All around

us, in our daily work, the geographer finds his opportunity* to

serve developing business. And now business begins to look

our way. For example, the management of various railways

for many years have financed an effort to investigate the

possibilities of development of the region served, and the

publication of the advantages, to attract settlers and investi-

gators. Usually it is true, a journalist has been chosen, be-

cause perhaps of his ability to turn out copy. Often the re-

sults have been patent floundering. Often the results have

been open to the criticism of being a large collection of facts,

most of which are not true. But some of the railway com-

panies have arrived at the choice and support of trained geog-

raphers, whose investigations when made, have permanent

value. Such studies as the classification of lands into catego-

ries of best service ; the records of weather and climate, espe-

cially to bring out the particular advantages and hazards for

given crops; the character and distribution of the natural

vegetation, for example the forest resources, and the lands

which may with profit be forested for future service; soils

and locations inviting development for special crops; the

water resources for power, for irrigation, and domestic use;

mineral resources awaiting development, and many others.

Not only are railways looking for such men, but invest-

ment companies, and insurance companies are, likewise. One

of our students is backed by an important northern railway

company on such an investigation now, and another is under-

taking a similar bit of research in the southern Great Plains

area for investment and insurance interests. Other positions

are looking for properly trained men, in vain.

One of the most important and promising fields of all is

the City Survey being backed in various places by the Cham-

bers of Commerce. These clear sighted business men realize

that the city is a vortex of human activity, a flow of men and

commodities from more or less wide tributary regions into

the city, and a flow outward of men, and commodities more or

less transformed. These commodities are destined for con-
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sumption anywhere in the world outside, as chance may in-

vite. The men who are interested in the growth of a city

want to eliminate chance so far as possible. They want to

know in detail all the factors of advantage which focus in a

city site : convenience of access from the tributary regions,

by road, by rail, by water ; and improvements which may be

made in all these transport facilities for the better communi-

cation with the outside world. They want an analysis of the

best sites for factories and warehouses and for residence

districts; studies indicating what the advantages are for

various kinds of manufacture and trade ; the source and

character of the raw materials available ; the labor supply and

its housing, education and amelioration; the ways in which

the city may best relate itself to the immediate region served

by it; these and a hundred other lines of study make up the

City Survey, a study which calls for experts in engineering,

economics, and civics, but fundamentally geographic in the

point of view, and in the correlation of the physical influences

at work in the problem.

V. GEOGRAPHY OFFERS A WIDER HORIZON FOR A LIBERAL EDUCATION

The demand for the trained geographer is very much in

evidence, in all the lines of business contact cited. And the

demand is very complimentary to the pioneers among us who
have been spending our lives in the development o? the

subject now coming into recognition. The evidence of a wide-

spread general appreciation is shown in a very patent and

significant way, in the election of geography courses in the

colleges and universities where the new geography is offered.

Such courses as commercial geography, agricultural geogra-

phy, ocean shipping and trade, special regional courses in

economic geography of North America, of South America, of

Europe, of the Orient, and others. The instructors are

swamped with students. They are coming in thousands,

where they were in scores only five years ago. We hear of

classes of 250 and 500 in the University of Pennsylvania, in

Michigan and Wisconsin. And in Illinois, in Missouri, in

California the record grows. In the University of Chicago

there are this spring eleven sections of some of the earlier

courses, where in 1914 there was one section. Of course,

there is a handicap in this prosperity. Where the class runs

beyond fifty, real teaching is impossible. The lecture system

is resorted to with many quiz sections. But it is almost im-

possible to find men properly trained to handle these classes

and to supply the business world with the trained men they

require. For not only must the geographer be born, the real

product is arrived at by years of study and drill, and only

now and then can the able lad be found who can resist the

attractive opportunities the very business offers him, whose

problems he undertakes to study. Even the professors tried

and true sometimes listen to these loud an.d urgent calls,

and are lifted out of the "cloister" at salaries of $10,000 to

$25,000 and an opportunity to do the research they have

been getting ready all their lives to* do, and be paid for it.

It is a serious handicap to lose these men from the list of

teachers and research men. But even this dark cloud may
have its silver lining, for it may result in putting the teachers

of geography into different salary class ; such a change as the

teachers of medicine and law have already achieved, where

the salary is such that a modest living is assured. It is time

that the age-old idea should be revised—the idea that the

teacher is one who is devoted to poverty and the instruction

of youth.

We have always had a great, admiration for the German
geographers, who could go anywhere in the round world for

the subject for a thesis ; could work it up to the last detail,

and publish it sumptuously. But we now know that the

geography department in the University of Berlin was

financed from the budgets of the Army and Navy, with the

implication that the geography departments in other univer-

sities were likewise supported. That the government was glad

to subsidize the geographers for the fundamental contributions

they might make as bases of national strategy in trade and
war. And evil and accursed as the German program was,

that element of the subsidizing of research is most com-
mendable.

May we not hope that the significance of the geographer's

service to business and to the state may be similarly recog-

nized with us? Why should there not be a national university

of research at Washington where the varied problems touch-

ing the interests of business and the Government could be at-

tacked by the promising young men and women of our uni-

versities who could be subsidized in their research and have
their reports adequately printed? Only in such a fashion

can the nation realize the benefits of service which the

geographer, properly trained, and properly supported, is in a

position to give.

TURNING A LIABILITY INTO AN ASSET
One of the most beautiful and graceful flowers in the

southern part of the United States is the Water Hya-
cinth, whose glossy green leaves and delicate blue

blossoms cover many acres of the waters of the St. John River

and other streams in Florida. Unfortunately, the plant is so

hardy and grows so rapidly that it has spread to an extent

which has seriously menaced the navigability of the water-

ways where it is found. A few years ago it was more or less

seriously proposed to stock the rivers where it abounds with

hippopotami imported from Europe the argument being made
that thus the succulent stems and leaves of this prolific plant

might be turned into the nutritious meat of an animal whose
flesh is said closely to resemble pork.

A more practicable solution of the problem of turning this

pest into an asset has been dicovered in Cambodia, where it

made its appearance about 1906, making its way into the rocks

and the rivers from Cochin-China, where it seems to have been

imported from tropical America about the beginning of the

present century. By 1909 the plant had become such a nuis-

ance that the attention of the authorities was called to it.

Under the favorable conditions of the Cambodian climate a

single plant is said to require only a few months to cover an

area of six hundred square meters. In spite of the grace and
elegance of its aspect the stalks are so sturdy that one may
pass dry-shod over the water where they grow, merely by
throwing a board across the leafy carpet they form. This

strength is due to the stout fibers of which they are composed.

It is these fibers which are now being employed to make
an excellent quality of rope, cord, baggings, etc. This has

been made possible by a defibrating machine invented by a

French resident of Cambodia, named Perrot. The stalks are

stripped of their leaves and pass through this machine, which

removes all pulpy matter, leaving long, strong and flexible

fibers from which it is easy to weave strong and supple cloth,

which has been found very useful in taking the place of jute

for the making of the paddy sacks which are so important in

Indochina trade. The luc-bingh as the natives call the water

hyacinth being an aquatic plant is, of course, highly absorbent

of moisture. This disadvantage has been overcome by the in-

ventor by soaking the fibers in a bath of chrome alum, which
closes the pores and makes it water proof without in-

juring its capacity for taking up dyes of all colors. It is pro-

posed to pack the fibers into bales like cotton and export them
to France, where it is believed they will find a great variety of

industrial applications.

So promising a method of transforming a liability into au

asset ought not to be overlooked in this country. The collec-

tion of the raw material has been rendered particularly feas-

ible of late by the devising of an apparatus for rapidly and
cheaply ridding streams of this and other water plants. This

consists in a long saw blade having spindle shaped weights

at each end ; this is stretched across a stream to be cleared,

being supported by men in boats. As the men row down the

stream the space between them is quickly and effectively

cleared of all water growths.
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Twentieth-Century Troglodytes

Curious Cave Cities Built in the Cliffs of the Chalk Belt of France

THERE is something peculiarly fascinating to small boys,

at any rate, and even to a good many adults in the

idea of life in a cave. Perhaps this is because of some
lurking atavistic instinct in the souls of most of us. While
our primeval ancestors were probably arboreal in their habits,

like their kindred, the monkey folk, they had not advanced
far in their upward climb before they appreciated the ad-

vantages to be secured by cave life—advantages of shelter

from wind, rain, and storm, from wild beasts, and from the

more dreadful hands of their human enemies. Very com-

fortable it must have been to one of our hard beset early pro-

genitors to take refuge within the very bosom of the kindly

earth herself and roll up a convenient boulder by way of

locking the front door.

This deep-lying interest which mankind has in stories of

caves and cave-dwellers is testified to, indeed, in modern and

ancient literature in all tongues. The very word cave brings

thronging memories of romance of buried treasure, of fights

with fierce animals, of welcome refuge after desperate flight.

Pictures at once rise in the mind's eye of that cave of

Abdullah which sheltered David, of Robert Bruce's cave with

its spider-woven curtain, of the cave of the forty thieves, and

so on ad, infinitum.

Cave dwellers, or troglodites, are mentioned both in Pliny

and Herodotus, who give a mixture of real and imaginary

facts about them. But few people know, perhaps, that a great

many persons still make their homes in the convenient caverns

found in the chalk belt in France. This chalk belt, indeed,

may be traced not only across Prance but from the north of

Ireland to the Crimea, more than 11,000 miles, and from the

south of Sweden to Bordeaux, a distance of 840 miles. No
less an authority than Baring Gould declares that the real

Garden of Eden was indisputably in the chalk lands; here,

man found shelter within the walls of cretaceous rock or

under its ledges of overhanging beds and also obtained con-

venient pieces of flint from which to shape his tools as well as

nodules of pyrites from which to kindle a fire in the some-

what chilly interior of his home.

Many books have been written about the early cave men
and the vestiges which remain of his tools, utensils, and even

the crude but clever art with which he adorned the walls of

his home. One of the most famous localities where such traces

of primitive cave life remain, is in the Department of Dor-

dogne, in the valley of the Vezere, especially at Les Eyzies,

and it is in this region that some of the caves are still in-

habited as our pictures show. Another region of the same

nature is that of the small river, Le Loir, which crosses the

fertile upland plain of Beauce and empties into La Loire, a

much better known stream. Here the river Le Loir has cut

for itself a deep furrow in the chalk tufa and the hospitable

130
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cliffs on each side are said to "offer a home to any vagrant

who cares to scratch for himself a hole in the friable face"

thereof. Here we have the underground city of Troo, which
was originally all underground but is now half in and half

out of the earth.

To quote again from Baring Gould : "But what makes
Trdo especially interesting is that the whole height is like

a sponge, perforated with passages giving access to halls,

some of which are circular, and into store-chambers ; and most
of the houses are wholly or in part underground. The caves

that are inhabited are staged one above the other, some
reached by stairs that are little better than ladders, and the

subterranean passages leading from them form a labyrinth

within the bowels of the hill, and run in superposed stories.

In one that I entered was an oven, with a well at its side.

A little farther in, a large hall, a circular hole in the floor,

unfenced, gave access by rope or ladder to a lower range of

galleries. Any one exploring by the feeble light of a single

candle, without a guide, might be precipitated down this

abyss without knowing that there was a gaping opening be-

fore him. A long ascending passage, with niches in the

sides for lamps, leads to where the fibers of the roots of the

trees on the mound above have penetrated and are hanging

down. . , .

"The town—it was a town once, but now contains 783 in-

habitants only—is partly built at the foot of the bluff, but

very few houses are without excavated chambers, store-places

or stables. The cafe looks ordinary enough, but enter, and
you find yourself in a dungeon. There is but one street—La
Grande Rue—and that has space and landscape on one side,

and houses built against and into the rock on the other. A
notice at the entrance to the street warns that no heavy

traffic, not much above the weight of a perambulator, is per-

mitted to pass along it, for the roadway runs over the tops of

houses. A wagon might crash through into the chamber of a

bedridden beldame, and a motor be precipitated downwards

to salt the soup of a wife stirring it for her husband's supper.

At Tr6o chimneys bristle everywhere, making the hill resem-

ble a pincushion or a piece of larded veal. There in the depth

of the hill are wells and to these mothers fearlessly despatch

their children to fill a pitcher as often as not without a light.

"Many of the cave-dwellers have but a ledge a few feet wide,

and perhaps only a dozen or twenty feet long before their

doors, and at the extreme edge one may see the children

standing unaffected with giddiness, like a row of swallows,

contemplating the visitor. I cannot say how it may be with

the lower houses, but those high up are pronouncedly odorif-

erous ; for the inhabitants have no means of disposing of their

garbage save by exposing it on their little shelves to be dried

up by the sun, or washed down by the rain over the windows

and doors of their neighbors beneath.

"I wonder how a sanitary officer would tackle the problem

of sweetening Tr6o. If he attempted to envelop it in a cobweb

of socketed drainpipes he would get into a tangle with the

chimneys ; to carry them underground would not be feasible,

as he would have to run them through kitchens, bedrooms and
salles-a-manger. But even did he make this cobweb, he could

not flush his pipes, as the water is at the bottom of the hill.

The ancient Gauls and Britons had a practical and ingenious

method of disposing of their refuse. They dug shafts in the

chalk, shaped like bottles, and all the rubbish they desired

to get rid of was consigned to these, till they were full, when
they planted a tree on the top and opened another. Great

numbers of these puticuli have been found in France. They
have been like wise unearthed on the chalk downs of England.

They were used as well for the graves of slaves. Now the

good citizens of Troo cannot employ the pitfalls in their caves

for this purpose, or the wells would be contaminated. As it is,

those wells are supplied from the rain-water falling on the

hill of Troo and filtering down, ingeniously avoiding tne

passages and halls. There are, however, some dripping caverns

incrusted with stalagmitic deposits. But conceive of the

STREET SCENE IN THE VILLAGE OP CHI'SSAY FRONT YARD OF A CAVE DWELLING IN THE SOISSONAIS
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A BEDROOM IN THE VILLAGE OF BOURRE UNDERGROUND CHAPEL AT CHISSAY

sponge of Tr6o acting as a filter through two thousand years

and never renovated. Not the most impressive teetotal orator

would make me a water drinker were I a citizen of Tr6o."

Apparently things have improved somewhat since the very

pessimistic account given above was written. At any rate a

more recent writer says that many of these houses are very

comfortable, being well aired by an opening in the front and
by the large chimneys which extend above ground. Sometimes
they are two or three stories high and are provided with

ceilings and floors. We are told, too, that upon entering

one of the dwellings one is struck by the cleanliness which
prevails within ; while he is silent as to methods of sanita-

tion employed, he certainly gives the inhabitants credit for

the virtue which is next to godliness, and it would seem that

people who have learned to keep their houses clean must like-

wise have devised some practical form of sanitation. Our
pictures come from this very region, the most important vil-

lages of which are Bourre and Chissay (Indre et Loire) and
Brantome and Eyzies (Dordogne).

In the Department of Maine et Loire sometimes whole vil-

lages are underground. A curious reason is given for this.

Sometimes there is very valuable vineyard land which has to

be walled in and used intensively in every part. The owner,

therefore, digs a quarry in the surface, thus forming a sort

of pit or cellar which is accessible on one side, while the

stone taken out is used for fencing in the ground. Then for his

own dwelling the thrifty proprietor cuts rooms in the living

rock, under his vineyard. These chambers have windows and
a door opening into the quarry hole ; next a chimney is made
by means of a vertical shaft, at whose top a square block of

masonry is built and from which the smoke issues. Conse-

quently it has been amusingly said that a village to the casual

eye appears to be merely a lot of chimney pots standing on
the ground among the vines, its inhabitants being as snugly

encased underneath as so many rabbits in a warren.

Along the banks of the Loire from Tours to Saumur there

are a great many cave dwellings still occupied. These are

very interestingly described by Bell in his "Wayside Pictures"

where he says of those at Saumur : "Close to the town are

residences, literally sculptured in the face of the naked rock.

They are cut in the stone, which is the tufa, or soft gravel

stone, and easily admits of any workmanship demanded by

taste or necessity. There is no little care displayed in the

formation of these strange habitations, some of which have
scraps of gardens or miniature terraces before them ; hang-

ing from the doorways are green creeping things, with other

graceful adjuncts, which help to give a touch of beauty to

their aspect. In some cases where the shelving of the rock

will admit of it, there are chimneys in nearly all windows

;

and it not unfrequently happens, especially higher up the road

near Tour, where art has condescended to embellish the

fagades still more elaborately, that these house caves present
an appearance of elegance which is almost impossible to rec-

oncile with the absolute penury of their inhabitants. The in-

teriors, too, although generally speaking naked enough are
sometimes tolerably well furnished, having an air of com-
fort in them which, certainly, no one could dream of discov-

ering in such places.

"These habitations are, of course, held only by the poor
and outcast, yet, in spite of circumstances, they live merrily

from hand to mouth however they can, and by means, perhaps,

not always of the most legitimate description. I have a
strong suspicion that the denizens of these rocks are not a
whit better than they should be ; that their intimate neighbor-

hood is not the safest promenade after dark ; and that, being

regarded and treated as pariahs, they are born and baptized

in the resentments which are contingent upon such a condi-

tion of existence. You might as well attempt to chase an
eagle to his eyrie among the clouds as to make your way to

some of these perilous chambers, which are cut in the blank
face of the rock, and can be reached only by a sinuous track

which requires the fibers of a goat to clamber. There are

often long lines of these sculptured houses piled in successive

tiers above each other ; sometimes with a view to architectural

regularity, but in almost all cases they are equally hazardous

to the unpractised foot of a stranger.

"Stroll down the spacious quay of Saumur in the dusk of

the evening, when the flickering tapers' of the temperate

town are going out one by one. Roars of merriment greet

you as you approach the cavernous city of the suburb. There
the entertainments of the inhabitants are only about to begin.

You see moving lights in the distance twinkling along the

gray surface of the rock, and flitting among the trees that

lie between its base and the margin of the river. Some
bacchanalian orgie is going forward."

In a book published in 1SS2 dealing with the history of the

Gauls under Vercingetorix a singular statement is made to

the effect that in this cave country the old Celtic religion still

exists, just as it was practiced before the Roman invasion,

but with the single and important exception of human sacrifice.

The members of this cult are known as Les B lanes, because

they cover their heads with a white hood while taking part

in the ceremonies, and the priests are clad like Druids in long

white robes. They have four meetings in the year, usually

in the heart of the forest about an old oak, but the most

solemn of all is held near the town of La Clayette. At La
Rochebrune is shown a curious two-chambered cave dwelling

having eight large holes cut in the floor of the upper cham-

ber. Six of these holes were meant for the convenience of

reaching down with a sword or knife and stabbing invaders

beneath, while two were intended to provide for the escape

of the inmates.



Refractory Substances
Problems Presented by Natural and Artificial Products Possessed of High Resistance

By A. Bigot

Doctor of Sciences and Ceramist

THE word refractory is rather vague. It is applied to

ceramic substances which fuse at a high temperature,

but the temperature limits are not indicated in the

designation "refractory."

In principle the more refractory a ceramic substance the

higher Its temperature of fusion; but besides the fusion point

there are a number of other properties involved which vary

according to the nature of the refractory substance.

All of these products become softened at a temperature

lower than that of their fusion point, and in fact, in the ma-
jority of cases the fusion is purely and simply a softening

and there is consequently no precisely determined temperature

which can be regarded either as the point of fusion or as

the point of softening.

The resistance to crushing exhibited by ceramic products

varies according to the degree of temperature and the pres-

sure to which they are subjected. It is not alike for the

different refractory substances. The same thing is true as re-

gards resistance to wear and tear, to cold, and to heat, all

of which vary considerably.

The resistance of refractory substances to scoria? and to

various chemical agents in fusion is likewise very variable

according to the nature of the substances themselves and

to that of the fused substances in contact with them.

Our knowledge with respect to the specific heat, the electric

and calorific conductibility, and the radiating power of re-

fractory substances at various temperatures is still very im-

perfect.

Finally, a certain number of them undergo a change of

volume when subjected to high temperatures in industrial

furnaces.

The question of refractory materials is, therefore, highly

complex.

The requirements of metallurgy have led in the last few

years to a marked increase in the manufacture of refractory

products. The action exerted by the chemical reagents which

are formed in furnaces has necessitated the manufacture of

different refractory materials.

We have little information as to the processes employed

by the ancients in the making of such products. We know that

Chinese porcelain, whose manufacture goes back to about

two centuries before the Christian era, was fired in refrac-

tory containers of clay. A work upon the manufacture of

glass in the 17th century speaks of the almost exclusive use

of the clay of forges in Normandy for the manufacture of pots

in the glassworks in France.

In the course of the last century Sainte Claire Deville and

Le Chatelier pointed out the refractory properties of white

bauxite.

The industry of making bricks of magnesia and chrome iron

has been founded and that of the manufacture of graphite

crucibles has been developed.

When we take these products in the form in which they

come from the factory and subject them to high temperature

some of them diminish in volume, others increase in volume,

and others still retain approximately the same volume.

The 'clays and the bauxites diminish in volume when their

temperature is raised and also when retired a number of times

at the same temperature.

Magnesia bricks behave in the same manner ; thus magnesia

bricks fired at 1,500°C. undergo from 5 to 10 per cent of

contraction when raised to 1,700°C. When bricks which
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diminish in volume at a high temperature are so placed in-

side of furnaces that one of their surfaces receives a higher

temperature than the other, the hotter side contracts and
the material splits 'on that side.

Graphite crucibles, which are composed of a mixture of

graphite and of refractory clay likewise undergo a high de-

gree of contraction when used in fusion furnaces. The prod-

ucts of silica, on the contrary, with some very rare excep-

tions, undergo an increase in volume of greater or less amount
according to the nature of the elements of which they are

composed and the temperatures to which they are subjected

;

thus silica bricks, previously fired at 1,400°C. frequently un-

dergo an elongation of 4 or 5 per cent when raised to the

temperature of 1,700°C, which is that of the Martin furnace.

In this case the part of the bricks in contact with the gases

of combustion swell, split, and become friable.

Refractory substances having chrome iron as their base,

'when properly compressed, undergo an insignificant degree

of contraction up to the temperature of 1,500°C. and 1 may,

therefore, be considered as refractory materials having a

fixed volume.

In accordance with the above description refractory prod-

ucts may be divided into two classes

:

1. Those having a variable volume

;

2. Those having a fixed volume.-

The great majority of refractory products being manu-

factured at present are comprised in the first class: but in

many cases their diminution in volume in industrial furnaces

has proved to have so many disadvantages that gradually

their use has been discontinued in furnaces of high tempera-

ture and they have been replaced by refractory materials

having a fixed volume.

Moreover, it is possible to reduce the clays, the bauxites,

the magnesias, and the silicas to a fixed volume before mak-

ing use of them ; for this purpose it is only necessary to heat

them previously to such a temperature as will cause them to

undergo their maximum degree of contraction or of elongation.

REFRACTORY PRODUCTS HAVING A CONSTANT VOLUME

Refractory products having a constant volume are manu-

factured either with the minerals found in nature, or else

with minerals which have been subjected to some previous

process of treatment. They may be divided into two classes:

1. Refractory products having natural minerals as their

base;

2. Refractory products having artificial minerals as their

base.

REFRACTORY PRODUCTS HAVING NATURAL MINERALS AS THEIR BASE

The minerals capable of being employed for the manufac-

ture of these products may be divided into three classes

:

a. The spinels of which chrome iron is the principal

;

b. The corindons or corundums

;

c. Zircon.

a. Chrome Irons.—The chrome irons employed in this man-

ufacture are found in different parts of the globe, principally

in New Caledonia, Canada, Siberia, Greece, etc. In order for

products having chrome iron as their base to be of good

quality it is necessary that the raw materials should contain

about 50 per cent of the oxide of chromium in the state Of

chrome iron, FeOCr2 3 . The mineral is first crushed and.

then strongly compressed with a small amount of binder

and fired at a temperature of about 1,500°C. After

this firing when the material is subjected to a temperature of

133
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1,700°C. the amount of contraction is practically insignificant.

The other spinels are either too rare to be employed, as in

the case of the aluminate of magnesia, or else they are not

sufficiently refractory as is the case with titanate of iron.

Refractory materials having chrome iron as their base

have a comparatively limited range of employment. Their

principal application is in Martin furnaces to separate the

products of magnesia from those of silica, with which they

do not combine. Chrome iron is an excellent refractory ma-
terial and is attacked with difficulty by slag. Thus far the

ores from New Caledonia have been found to be those having

the highest content of chromium.

o. Natural Corundums.—The natural corundums consist of

alumina with a comparatively small quantity of silica. Good
natural corundums contain from 95 to 98 per cent of alumina.

The principal deposits capable of being exploited are found in

Madagascar, in the Indies, and in the southern part of Africa.

The refractory quality of these ores depends chiefly upon the

content of alumina and the almost entire absence of any im-

purity except the silica.

A highly refractory variety of corundum is found in Mada-

gascar in considerable masses. Its quality is superior to that

of all other known corundums, but thus far its exploitation is

scarcely more than projected. During the war a few hundred

tons of these corundums were employed to manufacture

ceramic mill stones, but their application to the manufacture

of refractory bricks has not yet begun, the chief reason being

the difficulty of transportation both within the island and

from Madagascar to France.

Agglomerates of corundum after being compressed must be

heated to 1,400°C. Products thus obtained will not undergo

contraction either during firing or when heated to a tempera-

ture higher than 1,700° C. Their fusion point is a little bit

lower than 2,000° C. Recent experiments made with corundum
bricks in Martin furnaces show that they are readily at-

tacked by the lime of the slag, forming aluminates of lime

and fusible silico-aluminates of lime.

c. Zircon1
.—Zircon has recently been discovered in Mada-

gascar in considerable masses. It is found in the form

of crystals, those often exceeding 1 kilogram in weight. It

consists of approximately pure silicate of zirconium, Si02Er02 ,

containing 33 per cent of silica, 66 per cent of zircon, and

about 1 per cent of impurities. It fuses at a temperature

higher than 2,000° C.

In order to manufacture refractory products with zircon

the crystals are first carefully washed in order to remove for-

eign matter adhering to them. They are then crushed and

mixed with three or four per cent of slacked lime or with

five to eight per cent of kaolin. The mixture is compressed and

fired at a temperature of about 1,500° C.

The pieces thus obtained undergo no perceptible contrac-

tion during the firing and can be heated to 1,750° C. and even

higher without change of volume. Their fusion point is a

little above 2,000°C.

These agglomerates of zircon exhibit the property of being

almost incapable of attack by melted glass, by slag, etc. The
presence of lime and of iron oxide in the compounds of zircon

have but slight influence upon their fusion point; thus a

mixture consisting of 83 parts of zircon, 5 parts of lime and

12 parts of iron oxide fuses at a temperature of 1,830° C.

The flux of zircon is mainly alumina. If we mix together

equal weights of kaolin, which melts at l,800°O, and of zircon

which melts at a temperature higher than 2,000°O, the mix-

ture melts at 1,450 °C.

This fusibility of the mixture of zirconium, oxide of silica,

and alumina is also found with the oxide of glucinium in

the presence of silica and of alumina. Thus the emerald,

which is a silicate of alumina and of glucinium fuses at

l,470°O, whereas the oxide of glucinium is difficult to fuse

even at 2,300°C. This is obviously the fittest mineral for

use at high temperatures ; in furnaces, electric furnaces, the

Products having zircon as their bases have been patented.

crucibles of glass works, for the fusion of quartz, etc. It pos-

sesses the same properties as zircona, which will be described

further on, but its manufacture is marked by a tremendous
advantage over that of the latter, i.e., it can be made by the

ordinary process without the intervention of the long and
burdensome chemical treatments required for zircona.

Granular zircona compressed with a suitable agglomerate,

and fired at about l,500°O, forms an abrasive material of the

first order. The discovery of deposits of zircon is still too

recent for any manufacturer to have undertaken the prepara-

tion of this product, but the experiments which have been

made with respect to it are absolutely definite and convincing,

and it is certain beyond a doubt that refractory materials

having zircon as their base will shortly undergo a higher

development, because of the high refractory power of this

mineral, as well as because of its great resistance to chemical

action.

EEFEACTOEY SUBSTANCES HAVING ARTIFICIAL MINEEALS AS
THEIE BASE

Among the list of artificial minerals here considered there

must be included not only synthetic minerals but also those

which have been subjected to physical or chemical treatment

of some sort before being employed for the manufacture of

refractory materials. These minerals, which are pretty nu-

merous, should all be subjected to a very high temperature

before being employed.

a. Products of Silica.—These come under the head of re-

fractory materials of variable volume ; however when these

substances have been fired at the time of manufacture, under

circumstances such that they have fully attained their in-

crease in volume, they may be regarded as belonging in the

class of refractory material having a constant volume.

During the process of manufacture the rocks employed

should remain in grains in the mass. At the present writing

there are hardly more than two factories in the entire world

which supply silica products of this sort.

o. Zircona.—Considerable amounts of zircona, Zr02, are

found in Brazil; unfortunately, however, it contains a rather

large number of other minerals, such as silica, oxide of iron,

alumina, oxide of titanium, oxide of manganese, etc., which

very considerably lower the softening temperature and the

fusion temperature. The zirconas of Brazil contain from 80

to 85 per cent of Zr02 . Certain rocks, which are however

quite rare, contain from 92 to 95 per cent of zirconium oxide.

In order to purify natural zircona is must first be crushed

into an impalpable powder, and then attacked by hydrochloric

acid, which dissolves the oxides of iron and manganese if it is

desired to pursue the purification and to remove the silica,

the alumina and the oxide of titanium ; the pulverized zircona

must undergo long and tedious processes of treatment in

order that a zircona containing 98 to 99 per cent of ZrO, may

be finally obtained. When this treatment has been com-

pleted the zircona obtained must be calcined at a very high

temperature, preferably in an electric furnace before being

agglomerated. The calcined zircona is then agglomerated

with a small amount of a suitable binder, either organic or

inorganic in origin ; it is then subjected to a high degree of

compression and fired at a temperature of from 1,600° C. to

1,700°C.

The materials thus obtained will resist a temperature of

over 2,000°C. and have acquired the characteristic property

of being capable of being repeatedly heated and cooled, of

possessing a very slight coefficient of expansion, and of being

almost incapable of attack by fused scorial glass and oxides.

The refractory qualities of zircona have already led to its

use in the manufacture of crucibles, tubes, small portions of

various apparatus or machinery, etc. These applications, al-

ready numerous, will doubtless be extended in direct propor-

tion as the processes of purification become less difficult and

less costly.

The other artificial minerals used to prepare refractory ma-
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terials having a fixed volume are obtained either by means of

the electric furnace or by treatment in a cupola.

Among those obtained by the electric furnace we may
mention

:

c. Carborundum.—Carborundum is the carbide of silicon,

C Si. After being properly agglomerated and compressed it is

fired at a temperature of about 1,300°C. Refractory materials

having carborundum as their base possess the properties of

being good conductors of heat, of being almost entirely non-

sensitive to changes of temperature, and of being extremely

di IDcult to break. Articles made of such material can be
brought to a red heat and then cooled an indefinite number
of times. As a result of these qualities these products find

a great variety of applications. But carborundum begins to

decompose at a temperature of 1,500° C, becoming covered

with a vitreous coating which gradually increases in thickness.

Hence 1,500°C. is the maximum temperature at which this

material can be employed.

d. Fused Quartz.—The electric furnace is employed to pre-

pare fused quartz. It has a wide variety of applications,

tubes, muffles, containers, etc. But those used in refractory

industries have a defect peculiar to quartz as at present

manufactured, namely, that when long maintained at a high

temperature it spontaneously crumbles into powder. It is

quite certain, however, that a remedy will shortly be found

for this defect, since experiments along this line have already

met with very satisfactory results. It must be remembered
also that this industry is very recent and that the electric

fusing of quartz presents many difficulties. Furthermore, since

quartz fuses at about 1,750° C. there is reason to believe that

it will not be long before we shall be able to obtain fused

quartz merely by the process of melting it at this temperature

in crucibles which are refractory enough and sufficiently im-

mune to attack to contain the matters in the process of fusion.

e. Artificial Corundums.—Artificial corundums are obtained

by fusing carefully selected bauxites in the electric furnace.

When these artificial corundums have been properly prepared

and crushed, the compounds of iron which they contain are

removed by means of an electric magnet; after this is done

there remains a crystalline substance which contains about 95

per cent of alumina. This resembles the natural corundums,

and the refractory or abrasive materials which are prepared

by means of this artificial corundum are similar to those ob-

tained with natural corundums of good quality.

The cupolas which are suitable to be employed in the manu-
facture of refractory products having a fixed volume are de-

scribed in the Lecesne and Gowen patents, as well as the

process required in their manufacture.

The fragmentary materials are mixed with from 15 to 20

per cent of their own weight of anthracite of good quality.

After being lighted the mixture is subjected to the action of

a blower. This causes the temperature to rise to the vi-

cinity of 2,000°C.

The materials become fused in successive layers without,

however, becoming completely fluid. At the termination of

the operation they are found to form a mass which is sep-

arated from the cupola b3' means of a special device which

prevents this block of material from adhering to the re-

fractory walls. It is obvious that this process is exceed-

ingly economical compared with the electric process.

/. Fused Bauxite.—The bauxites fused by this process, after

crushing and treatment by the magnetic separator, are agglom-

erated with suitable binders and strongly compressed. The
products manufactured with white bauxite to form this ag-

glomerate do not undergo any contraction after being re-

moved from the press up to the temperature of 1,750 °C. They
constitute refractory materials of the first order, but they

are sensitive, like corundum, to the action of fused slag.

They are used principally in gas and coke furnaces, rotary

cement furnaces, etc.

Since these refractory substances are highly abrasive and

undergo no change of volume, they last about five times as

long in the rotary kiln as other coverings thus far employed.

The manufacture of fused bauxites was begun in France dur-

ing the war and has given rise to an entirely new industry.

g. Fused Clays.—Clays and kaolin are fused by the same
sort of process in the cupola. The operation proceeds as with

bauxite and the products thus obtained after being properly

agglomerated and compressed undergo no further contraction

up to a very high temperature.

This operation has not changed either the temperature of

fusion of the substances employed or their softening tempera-

ture. It has transformed them into substances which are

more compact, their density having increased by 20 per cent,

while their porousness has diminished by 25 per cent and

their resistance to wear and tear is doubled. The manufac-

ture of refractory materials from clays and kaolins has not

yet become a practical industry, but it is quite certain that it

will shortly commence a legitimate development.

h. Magnesia.—After magnesia is subjected to the treatment

of the Lecesne cupola it does not undergo fusion if it is suffi-

ciently pure; but it is agglomerated, becoming absolutely

compact, and acquires its full degree of contraction. It be-

haves in this matter like the clays and the bauxites treated in

the cupola. The magnesia is thus actually calcined to death

because of the high temperature to which it has been sub-

jected and when it is afterwards crushed and agglomerated

it yields products which undergo no perceptible contraction

up to 1,700° C. These products are much more stable and

less brittle than the present products.

The manufacture of magnesia products calcined in this

manner has not yet become a current practice; furthermore

the experiments made in this line are still too recent, but it is

quite certain that before very long the process of the Lecesne

cupola will advantageously and economically replace the pres-

ent process of calcining magnesia to death in rotary furnaces.

The cupola process could likewise be adopted for the fusion

of quartz, for the calcination to death of dolomite and the

various other minerals and it is certain to play a very im-

portant role in the industry of refractory products having a

fixed volume.

SUMMARY

This brief exposition of the matter shows that the number

of refractory products having a fixed volume is quite large,

and that up to the present time a very small number of them

have been actually exploited. The needs of metallurgy, of

electrical furnaces, of kilns, etc., will undoubtedly greatly

further the development of the manufacture of these materials.

At the present time with the materials commonly employed

the inside walls of an industrial furnace can scarcely be heated

to a temperature greater than 1,700° C, that of the Martin

furnace. But when industry succeeds in furnishing refrac-

tory materials having zircon or zircona as their base, it will

be possible to obtain a temperature of 1,900° C. in furnaces

and this will doubtless lead to the development of various

novel applications.

CHINESE INK
The intensely black inks have various sorts of finely di-

vided carbon as their pigment and the vehicle in most instances

is some type of oil or varnish. India ink is the name often

applied to what is in reality Chinese ink. The best of this

variety comes from the Anhui Province and is made from the

lamp black produced when wood oil is slowly burned in one

earthenware vessel and the soot or lamp black produced is

collected on the sides of a second jar placed above the first.

A paste is made with varnish and pork fat and this is then

mixed with glue. Some ink is made from the soot of sesame

or rapeseed oil, but in any case the paste is pressed into molds.

There are of course many grades of this ink ; the lower being

made from the coarser soot and glue. In 1918, the Chinese ex-

ported 127,000 pounds of this ink.



Chemical Action at a Distance
Materials Which Differ in the Number of Electric Charges Carried by Their Ions

By Albert F. Fellows

THE idea that actual mechanical contact is essential to

a chemical reaction was overthrown a number of years

ago. It will be the purpose of the author to show the

experimenter how he may convince himself that chemicals
which never touch each other can react.

The first experiment to illustrate this interesting phenom-
enon is to oxidize ferrous chloride to ferric chloride by chlorine

which never comes in contact with it. Ferrous chloride is

iron dissolved in hydrochloric acid. The ferrous salt and its

water solution are green. The ferric salt is obtained as dark
reddish brown crystals or solutions. The outstanding dif-

ference of these salts is the iron content. The ferrous chlo-

ride contains 28 per cent of elemental iron ; whereas the ferric

chloride usually has about 20 per cent of iron. There is a
far more important difference which we shall find and consider

later.

The ferrous chloride, if not at hand, may be prepared by
dissolving nails in hydrochloric acid. If the ferrous salt is

already at hand, a check up test should be made to determine

if there is any ferric salt present. This is unnecessary with

the freshly prepared ferrous salt for the nascent hydrogen
which is evolved constantly reduces any of the ferric salt

which may have formed. In ordinary practice we should pass

the chlorine directly into the beaker containing the ferrous

chloride to form the ferric salt, but this produces actual con-

tact and we desire to perform this oxidation without me-
chanical contact of the reacting substances.

Pour the freshly prepared ferrous chloride into a small

beaker. In another beaker of the same size prepare a con-

centrated solution of common salt (sodium chloride). The
levels of the solution must be equal. The two beakers are

then connected by a bent glass tube filled with a solution of

sodium chloride. If desired the ends of the tube may be

loosely plugged with filter paper. As we know that chemical

reactions, under suitable circumstances, may produce an elec-

tric current, we may, conversely, say that the existence of a

current is an indication of the occurrence of a chemical re-

action. To detect whether any action takes place, connect

a galvanometer by means of copper wires to a piece of plati-

num foil in each beaker. This arrangement is shown in Fig.

1. If there is no flow of current indicated by galvano-

meter, we conclude that there is no action taking place. Ob-

servation shows the galvanometer is not deflected, hence no

action.

A chlorine generator is next set up. Ten cubic centi-

meters of hydrochloric acid are treated with 5 gms. of man-
ganese dioxide. Conduct the evolved chloride into the beaker

containing the table salt solution. The ferrous chloride in

the other beaker is very slowly oxidized to ferric chlorine by

chlorine in an entirely different beaker. The presence of ferric

chloride may be proved by testing with potassium sulpho-

cyanide solution.

Whether the beakers are two inches or two feet apart

makes no difference, for the object of the glass connecting tube

is to complete the circuit. It is absolutely impossible for the

chlorine to pass through the tube for, as we shall see later,

the chlorine exists in the ionic state. Ions move with very

definite velocities which are accurately known. With a tube

six inches long, many hours would elapse before the chlorine

could appear in the beaker.

How can this mysterious phenomenon be explained? A
clue is furnished by the galvanometer, for at the appearance

of the first bubble of chlorine, a deflection of the scale is re-

corded. The galvanometer also shows that the current passes

from the table salt solution to the ferrous salt solution. The

principles of electro-chemistry show that the chlorine passes

into the ionic state ; that is, the chlorine takes on an electric

charge. Chlorine is a non-metal consequently it acquires a

negative charge. The electricity must come from something,

we believe that it comes from the electrode. The platinum

electrode, immersed in the sodium chloride, loses negative

charges of electricity to the chlorine. This electrode, since it

has lost negative charges, becomes positively charged and the

stream of electric charges, or current, flows over to the

beaker containing the ferrous salt.

Iron in ions of ferrous condition carries two charges of

electricity represented by: Fe + +
. Iron in this condition is

bivalent. Iron may also carry three charges: Fe + + + and is

said to be trivalent. We have seen that the current passed

from the salt solution to the iron solution. What happens
when the current arrives? The bivalent ferrous ions each grab

another charge of electricity from the incoming current. Then
with three charges an iron ion is surely different from what it

was with only two charges; and so it is for it is no longer

ferrous chloride but ferric chloride. In this light, the most

important difference between ferrous and ferric salts is not

color or percentage composition but the number of electric

charges.

From this viewpoint, nearly all reactions are to be con-

sidered as nothing but changes of electric charges ; and all

reactions are, in a certain sense, "reactions at a distance" for

the reacting substances need not come into actual mechanical

FIG. l FIG.

contact in order to allow the necessary electric charges to

change places. We now see that the idea which at first we
thought so unusual is almost universal.

In the introductory paragraph, the idea was suggested of

how abstract phenomena lead us, when solved, to important

applications. The whole science of electromotive chemistry is

bound up in the foregoing demonstration. It gives us some

new electrical cells for producing current electricity and leads

us to many theoretical considerations. Chief among these is

the concept of valency. For the past three-fourths of a century

eminent scientists have endeavored to find out what valence

is
; yet there are few topics in modern chemistry in which

scientists have so disagreed as in this very subject.

It appears that the only scientific way to treat the subject

of valence is by Faraday's law which says: "The valence

of an ion is a function of the number of electrical charges

that it carries." An univalent ion carries one charge, a

divalent ion two charges and so on. We now call Sir J. J.

Thomson's electron theory to our assistance and identify the

electric charges of which we have spoken as our friends the

electrons which now are being blamed for so many things.

In terms of the electron theory, valency is easily explained. A
univalent negative element carries one electron or negative

charge of electricity, a divalent element carries two electrons.

Since the electron is a particle of negative electricity and op-

posite to a positive charge, an univalent positive ion has lost

one electron, trivalent positive ion, such as ferric iron, has

136
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lost three electrons ; and so on up to eight possible electric

charges.

An experiment of similar nature to the preceding one uses

the same apparatus, but different solutions. In place of fer-

rous chloride, stannous chloride solution (11 grains in 100

cc's. of water) is used. The sodium chloride has been acidi-

fied with a few drops of hydrochloric acid. The beakers are

filled with acidulated salt solution. As before the electrodes

are connected to the galvanometer. No current is observed to

pass till a few crystals of mercuric chloride (4H3 Cl2 ) have
been placed on the electrode of the beaker containing the salt.

Chlorine may be used as before if desired. The current is

immediately set up and moves from the beaker containing

salt to the beaker containing the stannous chloride. The
bivalent tin Sn + + by the acquisition of two positive charges

becomes the quadravalent stannic tin ion : Sn + + + + . This

arrangement represents the galvanic cell of R. Lupke.

Another demonstration of chemical action at a distance is

still more convincing. It is from an entirely different cause,

that of solution tension, and is as easily performed as the

one based on charges of electric charges. Zinc dissolves in

sulphuric acid which never touches it and dissolves far more
rapidly than if the acid was in actual contact with the zinc.

Pure zinc dissolves very slowly in sulphuric acid. A piece of

copper wire is soldered to the zinc and this wire in turn to

a piece of platinum foil. The experimenter could use a clean

battery zinc screwed to a wire bearing the small platinum elec-

trode. Pass the electrode through a cork supported by a four

or five-inch test tube with the bottom broken off and a piece

of quite heavy paper substituted. It is much more convenient

if the top of the tube is broken off and the heavy paper tied

to the top tightly, for the flange affords a better grip for

the string. The zinc is then supported in the tube. A larger

beaker is filled with a solution of ammonium sulphate, part of

this solution is put into the inverted test tube and the test

tube is put into the beaker. This is shown in Fig. 2. After a

few moments the platinum electrode is immersed in the am-

monium sulphate solution. There is not any trace of a chem-

ical action ; the zinc or platinum does not dissolve in ammo-
nium sulphate; no bubbles are given off, as would be the case

if the zinc was dissolving. By means of a pipette, sulphuric

acid is added to the foil in the beaker. Hydrogen is evolved

not from the zinc but from the platinum foil, and the zinc dis-

solves. The platinum we know is not attacked by sulphuric

acid but the bubbles of hydrogen that come from the platinum.

If we test the ammonium sulphate solution after the action

has gone on for some time, the presence of zinc is shown. The

best reagent for this purpose is potassium ferrocyanide which

throws down a white precipitate in solutions containing zinc.

The object of the heavy paper or parchment over the test

tube is to keep, at least for a time, the sulphuric acid intro-

duced into the beaker away from the zinc.

To explain this peculiar behavior, we must consider two

more important concepts of physical chemistry, solution-tension

and osmotic pressure. W. Nernst introduced the concept of

solution tension into physical chemistry. He showed that

since the metals have the possibility of passing into solution

as ions, then every metal in water has a certain solution-

tension which varies for the different metals. Therefore, in

consequence of this solution-tension some ions are forced into

solution. We have seen that atoms become ions by acquiring

an electric charge. In this case the charge comes from the

bar of metal which then becomes negatively charged. But

there is another force, which opposes solution-tension, called

osmotic pressure. Osmotic pressure tends to drive the metal-

lic ions out of solution and upon giving their charges, they

become atoms of the metal. The metal becomes positively

charged. Since we must have an equal number of positive

and negative charges to form an equilibrium, it becomes a

matter of which is the greater, the solution-tension or the

osmotic pressure.

In our special case, we find that the solution-tension of

c zinc is enormous. It is greater than the osmotic pressure of
its metal ion in any of its solutions. But in order that the
zinc may dissolve it is necessary for the hydrogen cations of
sulphuric acid, H+-f- to give up their charges and escape'.

If the metal as zinc, has a high solution-tension, the hydrogen
ions cannot get to it, and if the hydrogen cannot get to the
zinc, how can it give up its charges and become hydrogen gas
which of course escapes? But platinum has a low solution-

tension. It is so small that it cannot be detected by ordinary
methods. The hydrogen ions from the acid give up their

charges to the platinum and escape as hydrogen gas. These
are the bubbles which one observes being driven from the

platinum foil. The charge is conducted along the platinum to

the copper wire to the zinc. The zinc atoms, having more
charges, are able to overcome the resistance1 of the osmotic
pressure and pass into solution as ions pairing themselves
with the sulphate ions, SOr -

, which were originally com-
bined with the hydrogen ions, H + +, to form sulphuric acid.

This is possible, for the hydrogen has disappeared after los-

ing its ionic state. With this explanation the amateur will

see that the sulphuric acid does not pass through the paper
into the tube to attack the zinc, as he perhaps suspected. The
best way to settle such a doubt is to try the litmus test. If

the experiment has been carefully performed, the solution will

be perfectly neutral.

THE ELECTRIC ARC IN ANALYSIS
At the Boston meeting of the American Electro-Chemical

Society, April 8th to 10th, Mr. William R. Mott of the research

department of the National Carbon Company, Cleveland, gave
an interesting outline of his method of qualitative analysis by
means of the electric arc. The chemist is familiar with the

flame tests in use for so many years where the spectroscope

is used to detect lines .in the flame resulting when the sample
under analysis is heated on a platinum wire. He is also

familiar with methods involving the production of beads

with borax in the flame, and of either oxidizing or reducing

samples under the blowpipe on charcoal. Mr. Mott's method
may be considered an extension of this type of testing and
involves apparatus less complex than the spectroscope.

The apparatus used is a carbon arc lamp enclosed in a way
to project an image upon a screen with a magnification of 20

diameters. In one of the solid carbons a cup-like cavity 10

mm. in depth and diameter is hollowed out, the carbon being

the lower one of the pair and the positive pole. A half gram
of the sample is used and the electromotive force is 25 am-
peres at 50 volts from a 110-volt line.

Mr. Mott has already developed good tests for about 65 ele-

ments which can be identified with ease, whether in their ores,

oxy-compounds or alloys. The phenomena noted include the

nature and color of the material deposited on the pole as

the result of distillation, the smoke, sparks and flame tip color

obtained, and the odor of the fumes evolved. Many peculiar

characteristics have been noted, thus the emission of smoke
from the hot upper carbon on breaking the arc has been

found to be a delicate test for molybdenum, the phenomenon

not being produced by any other element. Calcium produces

an unmistakable red, and arsenic, iodine and tungsten have

characteristic odors.

Impurities are often discoverable with the procedure of

distillation of the sample and Mr. Mott states that on the

average nine-tenths of the components in unknown mixtures

of any 10 of the 65 elements for which he has worked out

means of identification can be named. Fortunately, many of

the elements which are difficult to determine by the usual

methods are easily identified by this new method.

The method has not been employed by a sufficient number

of workers safely to predict its future, but it certainly has

wonderful possibilities in the hands of a trained worker and

should fit into the list of methods by which the chemist

attacks his problem to a degree at least as great as micro-

chemical methods which have proved their utility.



The Breaking Up of Nitrogen*

Theory of the Transmutation of Metals Startlingly Verified by Rutherford's Experiments

By Dr. E. Regner

[In the Scientific American for Dec. 6, 1919, we published

a note entitled "Is Nitrogen an Element" dealing with Ruther-

ford's experiments i/n the breaking up of nitrogen. We are
now able to give a more extended account of these fruitful

investigations.—Editob. ]

THE extraordinarily active development which oc-

curred in the science of physics during the nineties,

and which has essentially altered in various points

physical concepts of the universe, seems even yet to have lost

nothing in intensity. While the war undoubtedly interfered

with experimental research, on the other hand the hypotheses
of various investigators are beginning to construct the theory

of a whole new world, namely, the world of the atom.

That the atom must possess an internal structure has long

been hinted at through the theory of the periodic system of

the elements, from the fact that in studying the series of the

elements we find that nearly all their properties alter in a

periodic manner in accordance with their atomic weight. The
complexity of the spectra which are emitted by the separate

elements proves further that the internal structure of the

atom must certainly be composed of some sort of basic parts.

All atoms send out when they shine rays of great multiplicity

of wave lengths which indicates that vibrations of very dif-

ferent kinds take place in the atom and that, consequently,

the atom cannot be a single unit, but must consist of many
parts each of which is capable of having a special vibration.

The discovery of radio activity has taught us also that the

heaviest atoms (namely those of the radio active bodies)

more or less rapidly decompose in which process they usually

project from themselves a ray of helium atom (alpha

particle). Thus we know that the helium atom is a common
constituent of radio active bodies and it is presumable that

they also contain other atoms. Since the beta rays which

issue from radio active atoms are electrons (negative atoms

of electricity) these also must form another element of the

atom. At the same time we are obliged to believe that the

cement, so to speak, which holds the different parts of the

atom together consists of the electric force which operates be-

tween the negatively charged electrons and the remaining

constituents of the atom ; and the latter constituently must
be positively charged since otherwise the atom would fly apart.

By Rutherford starting from the phenomena of radio-

activity and by Bohr who based his theory upon the regu-

larity and conformity to law exhibited in the spectra of the

elements, a so-called atom model was constructed which con-

forms to so many facts in various realms of physics that in

all probability it may be considered as representing not

merely a model, i.e., a mechanical representation but an actual

description of the structure of the atom. According to this

model all atoms are built around extremely minute nuclei

which are positively charged, and the strength of whose charge

increases in proportion with the weight of the atom. The
smallest charge is possessed by the hydrogen nucleus, namely,

a charge which is exactly as great as that of the electron

itself but of an opposite (positive) sign, consequently, the

hydrogen nucleus can be conceived of as the positive elementary

quantum (atom of electricity). Helium with the atomic

weight of 4 has a nucleus with twice as great a charge; car-

bon with the atomic weight of 12 has the nucleus charge of

6 and sulphur whose atomic weight is 32 that of 16. Hence
we see that in elements with a lower atomic weight, the

nucleus charge is equal to half the atomic weight ; while in

•Translated for the Scientific American Monthly from Die Vmschau,
Frankfurt-am-Main, May 1, 1920.

the heavier atoms the nucleus charge is lower, so that
uranium with the atomic weight of 238 has a nucleus charge
of only 92 positive elementary charges. The nucleus charge
is decisive for the structure of the atom and determines the
atomic weight and the position of the atom in the periodic
system. The number of the elementary charges possessed by
the nucleus of an atom is, therefore, also called its order
number. The negative electrons rotate about the positive

nucleus and in each atom do so in a number which is equal
to that of its nucleus charge or order number ; for, externally,

the atom itself must appear to be electrically neutral. In

the case of the hydrogen atom, therefore, only one electron

rotates about the nucleus, while in helium there are two elec-

trons in rotation, in sulphur 16, and in uranium 92.

The diameter of the path pursued by the electrons is re-

garded as the diameter of the atom, consequently, in the case

of hydrogen, a magnitude equal to 0.1 millimicrons (1 millimi-

cron equals one millionth part of the millimeter). In the

case of a larger number of electrons radiating about the

nucleus they are represented as rotating in groups arranged in

the form of rings and at diffrent distances from the nucleus.

The processes which occur in these rings of electrons need
not here concern us. 1 We need only refer to the brilliant

success obtained by Bohr's hypothesis that the electrons fol-

low definite paths governed by the so-called quantum of ef-

fectiveness (efficiency quantum) of Planck. By means of this

hypothesis he succeeded in calculating the wave length of a

ray of light proceeding from an atom, and in this manner of

explaining the structure of spectra. We may also mention

that the exact determination of the ray having the highest

wave which it is possible for an atom to emit, namely, that

of the X-ray has led to the discovery of an extraordinarily re-

markable law governing the wave lengths of these rays and
the nucleus charge or number of the atom. With the help

of this relationship which was discovered by Moseley, it is

now possible to calculate with certainty the location of

all the elements. A domain of extraordinary extent is thus

open to research ; but it is now necessary to discover the

arrangement of the electrons in the rings in order to under-

stand the periodic repetition of certain definite chemical and

physical properties in accordance with an increase in the

atomic weight. While thus far we have succeeded only in

formulating somewhat probable theories as to the structure

of the electron rings at least the path which we must follow

lies pretty clearly before us. It is also possible that our

knowledge concerning the electron rings may be considerably

extended through experiments indicated by this theory, for

the alteration we are able to observe depends upon the consti-

tution of the rings. Thus we can in many different ways put

an atom in a condition of so-called excitation which is first

marked by the fact that the paths pursued by the elec-

trons are suddenly enlarged spasmodically ; when the electrons

return to their normal paths certain spectral lines are emitted

and these lines can now be calculated by means of Bohr's

law : it is also true that an atom can undergo an entire loss

of an electron, e.g., the hydrogen atom can lose the only

electron that revolves about its nucleus. In this case there

remains the positively charged hydrogen nucleus and it is this

which has long been known as the positively charged hydro-

gen ion. Hence a hydrogen atom loses its rings when "ionized."

'An, easily comprehensible account of the "atomic theory in its

latest development'' (in German) has been written by L. Graetz

(Stuttgart), 191S. Readers without special technical knowledge

will find that the admirable volume by A. Sommerfeld upon "Atomic

Structure and Spectral Lines" (in, German), published by Vieweg in

1919 will form an excellent introduction to the preceding work.

138
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Very different are the conditions in the case of the nuclei of

atoms ; indeed, the position of the element in the periodic

system, i.e., its individuality as a definite atom depends upon
the nucleus, its charge and its form. This individuality is

non-alterable as we know. We can heat, fuse, and evaporate

or dissolve atoms of gold, and while they change their aspect

in a certain measure, their individual character remains the

same. The forces which proceed from the electron rings come
into action here ; the rings may be altered during these

processes but the nucleus of the atom remains always the same.

Consequently we must regard the nucleus of the atom as a

structure of extraordinary stability which thus far we have

not been able to alter with the forces at our disposal in the

laboratory. We are unable to change any atom into another

and as we know the cause of this resides in the stability of

the atom nucleus. We are acquainted With only one case in

which an instability of atoms makes its appearance and in

which, therefore, the atom nucleus, itself, is decomposed

:

this is the case of radio-active bodies. Here, indeed, an altera-

tion of the atom takes place—an alteration which involves the

atom nucleus, since the alpha particle, which is emitted dur-

ing the decomposition of most radio-active bodies is a helium

atom, being indeed a helium nucleus. That is to say it has a

double positive charge and is, therefore, to be considered as a

helium atom which has lost both of the electrons revolving

about it. This helium nucleus has previously been a constit-

uent of the nucleus of the radio-active atom from which the

alpha ray proceeded. It is through this alpha ray that we
learn of the extraordinarily powerful forces which hold the

nucleus together, for we know that in the alpha particle that

is flung off from a radio-active atom there resides an energy

which is extremely powerful in relation to its infinitesimal

mass. This quantity of energy is so great that a single alpha

particle, in spite of its extreme minuteness (1 cubic centi-

meter of helium gas contains 27 trillion atoms) occasions a

flash of light which is visible to the human eye when it falls

upon a luminous screen of zinc sulphide. From the point of

view of energy the alpha particle, on account of its extraor-

dinary velocity exceeds all our other physical aids to such

a tremendous degree that it justifies the hope that it might

be able to exert an influence by its action upon a suitable

atom nucleus. This is the essential principle upon which

Rutherford's most recent work is based.1 The chief result

obtained thereby is the proof that when an alpha particle

strikes a nitrogen nucleus a ray is liberated from the\ latter

tohich apparently consists of a hydrogen atom. The phenomena

which make their appearance when alpha rays penetrate

solid or gaseous bodies had already been thoroughly investi-

gated by Rutherford and his followers. They also form an

immediate starting point for the next development' of the

theory of the structure of the atom. The path followed by

the alpha rays is, namely, in general almost a straight line;

likewise the length of the path is a constant for alpha

rays of a given velocity in a given medium. After • traversing

this distance, the so-called range, the alpha rays suddenly

stop still in the absorbent medium. Alpha rays of radium C,

for example, have a range of 7 cm. in the air. When the

alpha rays are allowed to penetrate a denser body such, for

example, as metallic gold, they undergo even in this case only

a very minute deviation from their rectilinear path. It is

only in very rare cases that there occurs a greater deviation

even up to 90 deg. or more. This phenomenon definitely indi-

cates that the alpha particle passes almost without hindrance

through the cloud of electrons which surround the nucleus

of the atom of gold on account of its mass which is very

large as part of the electrons; and it also shows and also

indicates that the alpha particle when it reaches the vicinity

of the nucleus of the gold atom is strongly repulsed by the

latter because of having a charge of the same kind and be-

cause of this strong repulsion it indicates a marked devia-

iPhil. Mag. (6) 37, pp. 537-587, 1919.

tion. Since, however, strongly marked deviations occur with

extreme rarity the extent of the gold atom nucleus must be
very small as compared to the total diameter of the gold

atom. Furthermore, since the charge of the alpha particle is

known (equaling two positive elementary quantities) Ruther-

ford was able to calculate the charge of the nucleus of the gold

atom and of other atoms.

The newest experiments made by Rutherford are concerned

with the collision of the alpha particle with the nucleus and
the lightest known atoms: hydrogen, carbon, nitrogen and

oxygen. They take their start from an observation made by
Marsden who allowed alpha rays to pass through a hydrogen

atmosphere. Marsden observed in this experiment that quite

outside the range of the alpha rays other points of light

(scintillations) make their appearance upon a zinc sulphite

screen ; these scintillations, however, are very few in number
as compared to the number of the alpha rays employed by

him. These scintillations can have their origin only in the

hydrogen rays which are produced when the alpha particle

directly collides with a hydrogen nucleus and imparts to the

latter so great a velocity that it, itself, becomes a ray which

produces a flash like that of the alpha ray upon a zinc sul-

phide screen. Since the hydrogen nucleus is only one quarter

as large as the alpha particle (the atom mass of hydrogen

equals one while that of helium equals four), naturally the

velocity of the hydrogen atom which has come into collision

is greater than that of the alpha ray. Consequently the afore-

said scintillations make their appearance beyond the range

of the alpha rays.

D. Bose succeeded in obtaining a direct proof of the fact

that such hydrogen rays are occasioned by the collision of

alpha rays with hydrogen atoms, by photographing the paths

of alpha rays in hydrogen by means of the Wilson expansion

method. The path of an alpha particle which has collided

with a hydrogen nucleus is shown as a bright streak on a dark

background, for the photograph was taken in such a manner

that at the instant when the alpha rays were allowed to

enter by the withdrawal of the screen, the atmosphere of hy-

drogen being supersaturated with water vapor, a sudden cool-

ing is created which causes water drops to be deposited upon

the ions, which are formed along the path of the ray. At the

same moment a powerful electric spark is released which

brightly illuminates the droplets of water upon the dark

background. The separate water droplets which indicate the

path of the ray cannot be distinguished from each other. How-

ever, such effective collisions occur very rarely, since the

alpha particle must strike the hydrogen atom very near the

nucleus and the latter is, as we know, extremely small in

relation to the whole atom.

Rutherford next made use of powerful radium prepara-

tions (having an activity up to 80 mg. of radium) in order

to observe the scintillations in the hydrogen rays (usually

called H rays) produced by the collision of the Ra-alpha-

rays in hydrogen gas. Such observations are extremely te-

dious and troublesome since the scintillations produced by the

H rays have a very faint light; moreover, the effective colli-

sions capable of producing such rays occur very seldom—only

one hydrogen ray is produced by the passage of 100,000 alpha

particles through a stratum of hydrogen 1 cm. thick. It is

necessary for the nucleus of the alpha particle and of the H
atom to come within a few billionths of a millimeter of

each other, whereas the diameter of the entire H atom, on the

other hand, is not 0.1 millionth of a millimeter! It is also

possible to produce H rays by the collision of the alpha rays

passing through a thin stratum of paraffin (i.e. a compound

of hydrogen). The relation of the charge to the mass in

these H rays was determined by the measurement of the

degree of the electric and magnetic deviability. These deter-

minations demonstrated that the rays observed are, as a matter

of fact, simple, positively charged hydrogen atoms.

Rutherford next attempted to find out whether such rays

are formed in other gases than hydrogen by the collision of
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alpha particles. According to theoretical calculations a

greater range than that of the alpha rays themselves can be

possessed, only by rays which are obtained by means of a

collision with light weight atoms up to oxygen inclusively.

It is true, to be sure, that a collision of the alpha rays with

the heavier atoms may cause rays produced by the collision to

be emitted from these atoms, but in such cases the rays thus

produced would have a smaller range than the alpha rays and

would, therefore, elude observation among the very large num-

ber of the alpha rays having a normal range. In oxygen, nitro-

gen, and carbon-dioxide, however, Rutherford succeeded by

the observation of the scintillations in discovering rays hav-

ing a greater range than the X-rays themselves, and which

must be, therefore, oxygen rays and nitrogen rays produced by

the collision of the alpha rays with the nucleus of the oxygen

atom and nitrogen atom respectively. These rays had a range

up to 9. centimeters in air—a range 2 cm. farther, therefore,

than that of the colliding alpha particles whose range is 7 cm.

Their number, indeed, is still less than that of the H rays,

since in a passage through 1 cm. of the medium of one million

alpha particles only 7 nitrogen or oxygen rays are produced.

This makes it easy to understand why these rays have hitherto

escaped observation. Carbon rays such as might be produced

by the collision of the alpha rays with the carbon atoms in

carbon-dioxide have not yet been observed ; such carbon rays

would necessarily have a greater range (12 cm.) than the ni-

trogen and oxygen rays. But only oxygen rays made tbeir

appearance in the carbon-dioxide. The scintillations of the

N rays and the O rays are brighter than those of the H rays,

beeause
:

the N atoms and the O atoms are larger than the

H atoms; ,
,• ,...,.

,

A,most surprising effect was observed, however, when Ruth-

erford-. began to make observations in 4r.y air or nitrogen

outside the range of the N rays by means of a .scintillation

screen. Here, too, he found' very faint scintillations which did

not cease to appear until the distance of 2$. cm. from the

source; of, ,, the,-rays, was attained—a distance
r

corresponding,

therefore, to the range of hydrogen rays. In these experiments

the most scrupulous care was taken that there, should be no

hydrogen either ..in, the source, of the rays or, in, the enclosing

plates of the apparatus or in the shape of water vapor in the

gases, employed;. . The scintillations at once, ceased also wiien

the nitrogen or the > air was replaced by, oxygen or by carbon-

djoxide. It, was also found that the number of scintillations

was increased; by 1.25 fold when the air was replaced by

pure nitrogen. It is evident, therefore, that the effect ob-

served is connected with the nitrogen and hydrogen particles

and that the phenomena observed can have their origin only

in the nitrogen nucleus from which they are set free by

collision with the alpha, particle. The numberof the H rays

produced is very small : among 12 N rays produced by collision

only: one such abnormal H ray makes its appearance. Devia-

tion tests in the magnetic field make it seem highly probable

that the rays observed are genuine hydrogen rays, although the

possibility is, not excluded that they may be rays of the atoms

of: a hypothetical: element having an atomic weight of 2.

THE DECOMPOSITION OF THE NITROGEN ATOM

In any case the extraordinarily important result of this ex-

periment is the demonstration of the truth of the fact that

when a nitrogen nucleus is directly struck by cm alpha par-

ticle {which of course is extremely seldom on account of the

smallness of the nucleus) it is decomposed and the portion*

liberated in the form of a ray by the collision is apparently

the nucleus of a hydrogen atom.

The dream of the alchemist.—Thus we see that the enor-

mous 1 energy of the alpha particle really accomplishes, in this

instance, the miracle which the alchemists of old sought in

vain to attain—the decomposition of an atom. This result

has been obtained, indeed by very different methods from those

employed by them—we are working, here not with the compar-

atively coarse macroscopic methods of chemistry but with the

most delicately developed technique of observation which lays
hold of the separate atoms, and among these chooses out of
thousands or millions of cases precisely those which are of
greatest importance.

Difficulty of the task.—We must not forget, therefore, in

the brilliancy of the achievement of the breaking up of the
nitrogen atom the conditions which the task involved and
imagine, perhaps, that we shall now be able to work with
these products of decomposition by ordinary coarse chemical
methods. As a matter of fact the method of observation of
the scintillations (at present the only one) is so wearisome
in the exact sense of the word that the development of further

investigation must necessarily be very slow. Rutherford him-
self declares that no one can perform this task of counting
without injury to his health for more than one hour per day
and that he can do this only by counting for one minute at a
time and then giving the eye one minute of rest.

The importance of Rutherford's discovery of the possibility

of the decomposition of nitrogen resides primarily in the con-

firmation of the possibility of the decomposition of an atom
nucleus.

HYDROGEN A PROBABLE CONSTITUENT OF NITROGEN

Next to this, however, the indicated fact that hydrogen is

probably a constituent of nitrogen is of great significance.

This revives the old hypothesis of Prout that all elements are

composed of hydrogen. On the other hand we know from the

phenomena of radio-activity that the helium atom is a con-

stituent of the radio-active atom. It is probable indeed that

other atoms likewise possess the helium atom as a constituent,

for the multiple of the figure 4 of the atomic weight of

helium very frequently makes its appearance in the series

of atoms. Moreover, this multiple of the figure 4 (or more
exactly 4.002) need not be exactly fulfilled since according to

the newest views the atomic weight is influenced by the greater

or less amount of energy contained. We should, according to

this, be obliged to regard the nitrogen nucleus as composed of

three helium nuclei and two hydrogen nuclei (or a nucleus

having the atomic weight of two) so that the atomic weight

of the nitrogen would be represented by the expression 3 times

4 plus 2 equals 14. That the entire nitrogen nucleus is not

composed of hydrogen nuclei is indicated by Rutherford's

observation that in the collision of the alpha rays with the

nitrogen nucleus 12 times as many nitrogen rays as hydrogen

rays were produced, i.e. in most cases the nitrogen atom was
not decomposed but only thrust farther away while it is

comparatively seldom that a hydrogen nucleus is hurled forth

from the nitrogen nucleus. This fact corresponds admirably

with the view that the larger part of the nitrogen nucleus is

composed of higher units than hydrogen—even of helium

nuclei which give it, therefore, a more stable structure. It is

very noteworthy, too, that no H atoms are liberated from

carbon and oxygen. Carbon would seem to consist of only 3

and oxygen of only 4 of the difficultly decomposable helium

nuclei. That the helium nucleus has a special role to play

with the hydrogen nucleus is also indicated by the fact that

the alpha particle which, as a matter of fact, represents a

helium nucleus is not disturbed by its collision with other

atoms. This can be explained by the supposition that the

helium nucleus, together with the hydrogen nucleus, forms

a special unit; it is far more probable, however, that the

helium nucleus is composed of 4 hydrogen nuclei held together

by extraordinarily powerful forces. Such forces can be

yielded only by electrons which in consequence of their nega-

tive charge hold together the positive hydrogen nuclei. These

then are nucleus electrons, which hold together the nucleus

having the magnitude of a billionth part of a millimeter in con-

trast to the outer electrons of the rings which revolve about

the nucleus at a much greater distance. Since the helium

nucleus possesses the double positive elementary charge in

the simplest conceivable case two electrons must hold together

the four positive hydrogen nuclei, so that the helium nucleus.
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exhibits two positive charges outward toward the ring. That
the helium nucleus is possessed of such a structure or an

analogous one is also indicated by Rutherford's experiment

concerning the collision of the alpha particles with the hydro-

gen nuclei which cannot be fully explained by charges in the

form of points of the hydrogen and helium nuclei, and this

accordingly indicates the structure of the nucleus.

The physics of the atom nucleus.—Thus the brilliant ex-

periments of the distinguished English investigator have opened
up a promising new realm of physics—the physics of the atom
nucleus. It is our hope that that common work of the cultural

people which is once more beginning to make its appearance,
will soon yield fresh results in this interesting realm of

thought.

Stabilized Governing
A "Dead Beat" Governor for Auto-Truck Radio Plants

By Oscar C. Roos

THE unsatisfactory performance of governors on small

gas engines has not been sufficiently looked into until

very recently. These gas engines did their work passa-

bly well until the electric generator was hooked up with them
and then there occurred flickering in voltage in D. C. sets and
change of frequency in addition, in A. C. sets. It goes with-

out saying that an entirely new type of governor was needed

for the many small electric power units required by the Army
and Navy during the World War. Such a governor must work
on a new principle if a speed regulation closer than % per cent

is to be obtained between no load and full load.

The use of gas engines as closely governed as % per cent

or even less is based on a principle which has been employed

PIG. l. TIME SPEED GAS ENGINE CARD WITH ORDINARY
GOVERNOR INSTALLED

in water-wheel governors and in certain other cases where
"hunting" in the governor would be serious. The accompany-
ing engravings illustrate one form of such a governor, called a

'precision" governor.

In Fig. 1 we have a time-speed gas engine card, with the

ordinary governor installed. The normal speed is 1,600 r.p.m.

At the end of one second the full load is applied and in \Vo

seconds more the speed has dropped 18.7 per cent. The
governor by this time may be said to be "alive" to the situ-

ation and is overzealous, for in 2.5 seconds more it has re-

stored the speed to 1,600 r.p.m. as shown where the curve

crosses the original line. It does not stop here, however, but

now raises the speed in one second more 8.8 per cent above
normal. In one more second it is again at normal and then

a second later is at 10 per cent below normal. So it goes,

in smaller oscillations of speed, until finally 1,600 r.p.m. is

reached after several oscillations. This kind of a performance

might be allowable in a machine with infrequent changes of

load but in an auto-truck or an electric and especially a radio

power set it is out of the question.

What has been described above is generally known as

"hunting," probably because the governor is chasing the

engine in a vain endeavor to catch up with its demands. If

the governor were incapable of oscillating it could not even

be forced to hunt. In other words the successful governor

must be "dead beat."

Now there are a number of ways to secure this, and to

show the effectiveness of the result, using the methods and
construction outlined further on, the time-speed curve of a

gas engine with a precision governor is shown in Fig. 2.

The speed at the beginning of the test is the same as be-

fore, 1,600 revolutions per minute. At one second later, the

full load is thrown on, and in .7 seconds the speed sinks to

5.6 per cent less than the normal, but the governor now acts in

a different way from before. It acts very much more promptly

in the first place, as it recovers full speed in 1.3 seconds and

in the second place it does not noticeably "overshoot" this

speed.

In other words, it rises above 1,600 r.p.m, in .5 seconds more
by 5 revolutions per minute or about 1/3 per cent. It then

sinks to normal in another half second and stays there. Com-
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TIME SPEED CURVE WITH PRECISION GOVERNOR

paring the two performances, the precision or stabilized

governor is back at normal speed in 2 seconds while the
unstabilized form requires from four to ten times this period
in which to settle down again.

When 20 per cent of an engine tender's time is spent mak-
ing repairs and adjustments on his carburetor, it is evident
that he needs a governor which is independent of carburetor
adjustment. The only time a governing mechanism acts in-

dependently of the fuel supply mechanism is when it is

made "hunting-proof."

Many motor boats were used during the war as submarine
chasers and had to have independent gasoline electric plants
for their radio telegraph outfits. Such a class of vessels abso-



142 SCIENTIFIC AMERICAN MONTHLY OCTOBEB, 1920

c

£3 D
POWER »»—«*"

SUPPLIED A B

SI
INCPf

JODEN
iASED

LY
LOAD

SPEED
A' B'

ENGINE

TIME IN VfcXSECONDS

FIG. 3. POWEiR CHARACTERISTIC CURVES FOR
PRECISION GOVERNOR

lutely required stabilized or "anti-hunting" governors to. give

precision in speed adjustments. The questions of load, ig-

nition, adjustment, carburetion or quality of gasoline, or even

temperature and humidity were of necessity, to be rendered

immaterial. This is an interesting and difficult problem but

has been solved by a precision mechanism. The usual gov-

ernor is intended to keep a definite throttle opening at a cer-

tain speed. If the gasoline is bad, so much the worse for the

governor, the same throttle opening is still held for a certain

standard speed. In some cases all speeds will then have

insufficient throttle openings and in order to get near normal

speed again an undue opening is given by the governor with

the result that the general operation of the power unit is

very unsatisfactory. There are many engineers who refuse to

consider this kind of a speed controller as a true governor

at all.

Any precision governor not only controls the engine speed

positively, but it selects the proper throttle opening to best

effect the desired speed regulation. It is more than a con-

troller. It is a real speed governor.

GENERAL PRINCIPLE OF STABILIZING GOVERNORS

1. When the motor speed finally rises to its proper value,

the power finally falls to its new value.

2. When the motor speed finally falls to its proper value,

the power finally rises to its new value.

The above two principles may be summed up in the general

statement that the time power, or time fuel, and the time-

speed motor characteristic curves must be similar in shape.

Especially in their final stage should they be symmetrical with

respect to each other. Each changes at about the same rate

but in the opposite sense to the other.

Fig. 3 shows in detail the reason why the precision governor
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works as it does, to bring the power and speed of the engine
from opposite states of excess or deficiecy, to a balanced
condition.

The top curve shows the power (fuel) supplied, the lower
shows the resultant speed. At B in the top curve let the load
suddenly increase. The power immediately is increased to

the value at C, much in excess of the final requirement
shown at D. At the same time the speed has dropped slightly

to C but immediately recovers by increasing gradually as
the C D power comes down gradually.

The above method of operation constitutes the secret of all

precision governors. It also gives extremely quick action as
compared with the ordinary governor. However, it always
allows the power to settle down and "cushion" itself while the
speed is rising at a constantly decreasing rate from C to D',

giving a "cushioning" effect also.

It is possible to regulate a governor of this type so that
the differences in the shape of the curves from C to D and
C to D' will be practically undiscoverable, but this makes
the governor almost too sensitive. Such governors should
show the curve shapes sketched in Figs. 4 and 5.

Before going into the actual mechanical details of the sta-

bilizing or precision governor, it is worth while to ask
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FIG. 4. IDEAL OPERATION OF PRECISION GOVERNOR

O I 2 3 4-5 6 789
FIG. 5. IDEAL OPERATION UNDER DECREASED LOAD

exactly why the stabilizing governor works at all. In other
words, why does the governor first do too much and do it

very quickly and then in apparent contradiction of its first

intentions, "reverse itself" and "repent" as it were of its

exaggerated activity by undoing its work until the arrival

of the motor at the proper speed stops the farther course of

this "mechanical remorse"?

The simplest answer, short of the actual working diagrams,

is to say that the instant one part of the governor—the speed

control proper—starts to work to change the fuel there occurs

a mechanical "tragedy." Another part of the governor—the

"speed restorer"—immediately is thrown into gear with the

motor and "strangles" the fuel control as it is doing its work.

It does this by moving the control mechanism so that the

governor speed control becomes less and less effective. In

fact, it "dies in harness." Well, no harm is done, as its

"death" exactly coincides with the attainment of the proper

speed again. It is immediately ready for another attempt.

Let us now examine the precision governor itself. A dia-

grammatic sketch of one type, now superseded, is given in

Fig. 6. This is also shown partly broken away in Fig. 8, which
being in prospective gives a clearer idea of the operation of the

governor. The principle of operation is the same as that of a

later form shown in Fig. 7 with some minor exceptions, and
will now be followed out in detail.

The central element in Fig. 6 is the driving shaft. This

carries the two units or halves of the mechanism which in

responding to changes of speed, really work against each other.

The lower half carries the centrifugal speed controller—an



October, 1920 SCIENTIFIC AMERICAN MONTHLY 143

ordinary governor. The top part carries the true governing

"speed restorer."

Examining the lower half we find the two governor weights

C7 pulling down a channeled collar C5, running freely on the

shaft against the spring C9. The slightest axial motion of

the pin D5 working in the above collar channel moves the fuel

adjusting pivot by means of the linkage D5 D8, D6 D7 and

Dl D2. So far the operation is quite commonplace. It is

the top part of the shaft that carries the real governing

mechanism. There are two spirals cut on the inner faces of

the spool C4. This spool normally revolves freely on the

shaft, driven by a supporting clutch CIO. This clutch raises

the spool when the speed is too low and lets it drop by its own
weight below the normal position when the speed is too high,

except for certain conditions in which a return spring is added

to secure positive operation.

There is a spur wheel E2 which engages with the spiral

cut in the lower or upper inner face of the spool. It may be

arranged to do this on the least variation in the position of

fuel adjusting pivot D2 again to the left, thus decreasing the
already increased power gradually, as shown in Figs. 3, 4
and 5, to its final proper amount.
There was a tendency in this type of governor to carry

the member D3 off the shaft D4, so a locknut D9 was pro-

vided and the female thread in D3 was freed when the
normal travel along D4 was exceeded.

There is a different precision governor on the market now
in which a given travel of the Pin D2 gives a greater amount
of power variation. Fig. 7 is an assembled view of a form
suitable for auto-truck service.

In Fig. 9 the principal parts are shown. Part C is pho-

tographed upside down relatively to Part D. On part E a

worm gear E9 has been indicated in ink. It drives the govern-

ing mechanism by rotating the fuel adjusting pivot D2 in a

plane at right angles to the paper. There is no axial mo-
tion along a shaft, as in Fig. 6. The lettering and numbers
of Fig. 9 have been kept similar to Fig. 6.

The novelty in Fig. 7 is found in the part D4, where the

]»!'**£

FIG. 6. DIAGRAMATIC SKETCH
OF THE PRECISION GOVERNOR

FIG. 7. ASSEMBLED VIEW OF FORM
SUITABLE FOR AUTO-TRUCK SERVICE

FIG. 8. SECTIONAL VIEW OF
GOVERNOR SHOWN IN FIG.

THE

C4. The more closely the diameter of E2 approaches the dis-

tance between the inner faces of C4 the more sensitive the

regulation.

When E2 revolves, it does so in the plane of the vertical

axis, that is, at right angles to the plane of the sketch, Fig.

6. It rotates a threaded shaft D4, so that the fuel adjusting

pivot D2 is moved in opposition to the motion derived through

D7, from the fact that the rotation of D4 moves D3

—

which carries D7 Dl D2

—

bodily from right to left or vice versa.

As soon as the spool action has governed the speed con-

trol on the lower part of the shaft this motion stops, since

E2 and C4 automatically disengage themselves.

Let us trace out the action for a sudden load—see Fig. 4

—

and suppose that when D2 moves to the left it decreases the

power of the motor.

1. The extra load comes on—the governor speed control

weights C7 approach the shaft and allow the spring C9 to rise

and actuate the clutch CIO, which in turn causes the lower
^

face spiral on the spool C4 to engage the spur wheel E2.

2. The channeled collar C5 moves up the pin D5 and thus

moves the fuel adjusting pivot D2 suddenly to the right so as

to decrease immediately the fuel and the power. It overdoes

this and

—

3. The shaft D4 is now rotated by E2 so as tb bring the

bodily transverse motion of D3 in Fig. 6 is replaced by the

rotation of two friction-coupled metal disks in Fig. 7. Be-
tween these disks is brake lining material and the pressure

thereon is adjusted by the spring D10.

The driving shaft Dll is supported in bearings shown at

All in the housing and turns the driven element D3 until

either of the two lugs thereon D12 engage the stop A12 in the

housing. The shaft Dll now keeps on turning against the

friction of the brake lining in D4 until the action of D2 has
brought the motor to speed and disengaged E2 from C4 as in

Fig. 6.

Some tests have been made by the International Radio Tele-

graph Company on this governor to show how perfectly it

chokes off the worst possible tendency to run away and

immediately brings the speed to normal.

The governor was set for 1,260 r.p.m. in all these tests.

With no load on the engine, except driving friction, sudden

admission of steam at full throttle gave 1,280 r.p.m. and in

two seconds 1,260 r.p.m.

With half load the same thing occurred. With full load

there was no noticeable rise in speed, as the governor was ad-

justed for full load conditions.

Suddenly removing the full load gave 1,400 r.p.m. for a

moment arid then 1,260 r.p.m. was immediately restored.
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FIG. 9. EXPLODED VIEW OP THE FORM OP GOVERNOR SHOWN IN FIG. 7

With steam completely shut off tests were made by cutting

in full load or "no load" and then by special arrangements,

suddenly admitting a full head of steam to get a "run-away"

if possible.

Results: With full load the speed rose to 1,310 r.p.m.

and sank to 1,260 immediately. With "no load" or "friction

load" the speed rose to 1,360 r.p.m. and immediately sank to

standard

!

Truly, an interesting governor.

THE STABILITY OF MOTOR OMNIBUSES

In view of the growth of the use of motor omnibuses for city

transportation an editorial in The Engineer in reference to the

safety of this type of vehicle becomes of considerable interest.

It would appear that there have been within the past year a

number of cases in England where motor omnibuses over-

turned and there is a growing suspicion that the motor omni-

bus is not quite as safe as has been assumed hitherto.

Among the causes of this alleged condition are mentioned

the carelessness of drivers who learned to take undue risks in

France, the bad conditions of the roads and the degree of over-

crowding now permitted in the interior of the omnibuses.

These causes do not appear, however, to be capable of

explaining some of the accidents and it would appear as if

the real cause lay in the design of the omnibuses. As regards

this latter, the motor omnibus used on the London streets is

a vehicle weighing in service condition some 9,850 pounds of

which weight a little over 64 per cent is in the chassis. It is

capable of carrying without overcrowding, 36 people, represent-

ing on an average a load of 5,400 pounds so that when fully

loaded weighs somewhere in the neighborhood of 6% tons.

Its center of gravity in service condition, but without load,

lies low down, being only about 44% inches above the road

surface and just a little above the level of the tops of the

rear wheels. The gage of the wheels being 70 inches, it fol-

lows that the vehicle will recover itself if it is tipped up until

the rear axle is lying at 38 degrees to the horizontal. When
the omnibus is fully loaded the center of gravity rises to 62

inches above the road surface so that in this condition the

maximum heel from which the vehicle will recover itself is

29% degrees. These figures do not take account of the fact

that the body is mounted flexibly on the chassis. On an actual

test the yielding of the springs permitted the vehicle to be

tipped when empty until the center line of the body was in-

clined at 46 degrees to the vertical.

It would appear, therefore, that the motor omnibus is quite

stable when stationary. When it is in motion the angles of

heel mentioned above are a measure of its stability so long as

its course is a straight line. The critical test for the stability

of the vehicle arises when centrifugal force comes into play

during the rounding of a corner. Taking 30 feet as the radius

of the curves aud 7 miles per hour as the speed when round-

ing the corner, it would appear that the stability of the omni-

bus is reduced by a little over 18 per cent, and if the vehicle

carries passengers on the top only the loss of stability is a

trifle over 19 per cent. Under these circumstances the critical

condition of equality between the upsetting moment and the

righting moment will be reached if the heel amounts to 23%
degrees with the vehicle fully loaded or 22% degrees if the

passengers are entirely on the top. These angles would be

reached only if the wheels on the inner side of the curve were

lifted off the ground to a height of about 27 inches.

It would appear, therefore, that the stability of the modern

motor omnibus is satisfactory and that such accidents as

have occurred have been due to exceptional conditions.

—

The

Engineer, Vol. 129, No. 3355, April 16, 1920, pp. 401-402.



The Dynamics of Shell Flight*
Experimental Determination of the Reaction of Air on a Moving Shell

By R. H. Fowler

THE object of this article is to give a short account of

some features of the motion of a spinning shell through

air. Our knowledge of this phenomenon has been

somewhat increased by war-time researches. To determine

the motion of a shell from the equations of rigid dynamics,

we require to know the complete force system which repre-

sents the reaction of the air on the moving shell ; but, just

as in the case of an airplane, the components of this reac-

tion are utterly unknown a priori. The problem that arises,

therefore, is that of determining these components by obser-

vation and analysis of the actual initial motion of shells. Once

they have thus been determined, they can be applied, provided

the essential conditions remain similar, to the calculation of

the complete motion of a shell along is trajectory.

In the simplest case of all this procedure is classical. The
air resistance to a shell, moving so that the directions of its

axis and the velocity of its center of gravity coincide, has long

been determined thus as a function of the velocity, and tra-

jectories have been computed assuming that this coincidence

subsists throughout the motion. Under this assumption the

problem is merely one of particle dynamics, of which the solu-

tion may be regarded as completely known. The comparison

of calculations and observations shows good agreement in

range and height when the shells are suitable and the total

angle turned through by the tangent to the trajectory is less

than, say, 50°. The calculated trajectory, however, is a curve

lying in the vertical plane containing the original direction

of projection, while the observed positions of the shells do

Vp-twi

Radial Draft-of
Degress cD'aw.

FIG. 1. OBSERVED PATH OP THE NOSE OP A SHELL. MUZ-
ZLE VELOCITY 1565 F.S. RIFLING 1 TURN IN 40

DIAMETERS OF THE BORE
Total time taken to describe curve shown 0.38 sec.

not lie in this plane, but appreciably to the right of it when
their axial spin is right-handed. This well-known departure

from the original vertical plane is called drift, and converts

the trajectory into a twisted curve. It cannot be accounted

for on the original assumption.

It is with these cases, in which particle dynamics fails to

explain the observations—such as the drift, trajectories of

large total curvature, and (as we shall see) initial motions

—

that we are mainly concerned here. For their study we must

abandon the assumption that the direction of motion of the

center of gravity and the direction of the axis of symmetry
coincide, and study the whole motion as a problem in rigid

dynamics.

In order to do this we must, first of all, determine experi-

mentally the complete reaction of the air on the moving shell

when the directions of its axis and the motion of its center

^Vertical?

Reprinted from Nature (London), June 3, 1920.

Radial Scale of
Degrees ofYaw.

FIG. 2. OBSERVED PATH OF THE NOSE OF A SHELL.
MUZZLE VELOCITY 1563 F.S. RIFLING 1 TURN IN

30 DIAMETERS OP THE BORE
Total time taken to describe curve shown 0.20 sec. The scale is

three times that of Fig. 1.

of gravity no longer coincide. In such a case the angle be-

tween these two directions is called the yaw. Until recently

the reaction on a yawed shell had never been studied experi-

mentally. The necessary data, however, can be obtained by
observation and analysis of the initial motion of the shell in

the first few hundred feet after leaving the muzzle of the

gun, for in this interval the axis of a shell oscillates periodi-

cally over an appreciable range of yaw.1 The motion is a little

complicated, and its interpretation is not yet completely

worked out in terms of the reaction of the air. Moreover, a

really satisfactory experimental method has not yet been de-

vised. But a start has been made on the problem, and ap-

proximate values of the more important components have been

determined.2

The somewhat crude experimental method so far used con-

sists in firing a shell through a series of cardboard screens.

The shape of the hole in the card determines the size and
direction of the yaw at the instant of passing through the

card. From such observations the motion of the axis can be

plotted out against the time (if the velocity of the shell is

known), and the period of its oscillations determined. The
disturbing effect of the cards themselves can be determined

by suitable control experiments and roughly estimated. Two
specimen observed curves 3 traced out by a point on the axis

of the shell relative to the center of gravity are shown in Figs.

1 and 2. These two paths are strictly comparative, as the

only difference between their circumstances is an alteration

of the axial spin. The slowly spinning shell (Fig. 1) has

1 Such experiments are described in a forthcoming paper in the

Royal Society Transactions by R. H. Fowler, E. G. Gallop, C. N. H.
Look, and H. W. Richmond.

2The forces on a model shell at rest in a steady current of air of

low velocity can also be measured directly In a wind channel ; the

results are probably applicable to a shell moving at velocities up to

700 f.s.

3 The observations were made for the Ordnance Committee at

H.M.S. Excellent, Portsmouth.
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oscillations of comparatively long period and large amplitude.

These curves are closely analogous to the curves which repre-

sent the oscillations of a spinning top near its vertical posi-

tion. They differ only in showing slight damping and varia-

tion of period.

Let us consider further this analogy between a shell and

an ideal spinning top. The center of gravity of the shell and

the point of support of the top are analogous ; so are the

moments of inertia about these points and the axial spins.

To the direction of motion in the case of the shell corresponds

the vertical in the case of the top ; to the disturbing couple due

to the reaction of the air on a yawed shell corresponds the

gravity couple on a displaced top. The analogy so far is

practically exact; it is modified by the following facts:

(1) That the center of gravity is not a fixed point like the

point of a top, for its velocity varies both in magnitude and

in direction under the reaction of the air ; it describes -a heli-

cal curve, thus modifying the couple.

(2) That an appreciable frictional couple exists which, in

conjunction with the helical motion of the center of gravity,

serves to damp out the axial oscillations completely.

(3) That, in addition to (1) above, the magnitude and direc-

tion of the velocity of the shell are steadily altered by gravity.

Experiments so far carried out have determined approxi-

mately the values of the couple analogous to the gravity couple

for velocities from 900 f.s. to 2,200 f.s. for two different shapes

of shell, when the yaw is not too large. By determining these

couples for various different positions of the center of gravity,

rough values of the resulting sideways thrust on a yawed

shell were deduced.

The study of initial motions is intimately connected with the

question of the stability of a spinning shell at zero yaw. The

motion of a shell (or a top) is said to be stable if a small

disturbance only produces a small maximum displacement

from the position of symmetry, proportional to the disturbance.

The condition of stability for small disturbances is the same

in the two cases; it must be fulfilled in order that the shell

may travel along its trajectory approximately at zero yaw as

desired. A knowledge of the disturbing couple enables us to

lay down how much spin is required to allow a reasonable

margin of stability.

We have said that the usual approximation of motion at

zero yaw is inadequate in the case of trajectories of large

total curvature. The complete theory indicates that, under

the effect of gravity (see (3) above), the yaw tends to attain

a sort of equilibrium value which increases along the trajec-

tory, and may reach 20° or more at the end of a sufficiently

long arc. A study of initial motions with slightly unstable

shells in which such values of the yaw can
_
be realized ex-

perimentally will provide the material required for the proper

discussion of such trajectories.

The following approximate theory accounting for the drift

of a shell has long been known. Owing to the change of direc-

tion of motion due to gravity (see (3) above), a shell cannot

continue to move steadily at zero yaw. The proper equilibrium

state of affairs is attained when the yaw is just such as will en-

able the axis to keep pace with the changing directions of mo-

tion by precession about it. This equilibrium value of the yaw

depends on the above-mentioned disturbing couple due to the

reaction of the air, which may be determined by a study of

the initial oscillations. The resulting yaw in ordinary cases

is too small to alter seriously the range at any given time,

and does not affect the height because the equilibrium posi-

tion of the yawed axis lies in a plane which is always very

nearly at right angles to the vertical plane containing the

original direction of projection. It produces, however, the

lateral deviation known as drift. This approximate theory

leads to a formula for the drift depending on the ratio of

the sideways thrust to the disturbing couple. With the values

of this ratio' recently roughly determined^ the drift has been

calculated by this classical theory, and compared with direct

observations of the drift of similar shells. The observed and

calculated values are in fair agreement, and there is no doubt
that the classical theory is substantially correct.

In conclusion, it is perhaps worth mentioning that the in-

terest in such investigations mainly arises from the fact that

we can thus study the phenomena of motion through a com-
pressible fluid at velocities both greater and less than the

velocity of sound in the fluid. The investigation, however,
has scarcely begun, and much work will be required before

it is possible to describe adequately the complete reaction on

a shell of given shape moving through air.

BRIQUETTING
In Chemical and Metallurgical Engineering for June 2, page

1034, a discussion of an experimental briquetting plant is pre-

sented by A. L. Stillman. Briquetting to most people is as-

sociated only with certain kinds of fuels, more particularly

conversion of waste anthracite into the square briquette.

Wherever a fine material is producd and there is something to

be gained in returning it again . to a larger size there is an

opportunity for briquetting research, and this is a field in

which a comparatively small amount of work has been done.

In the metal industry there are numerous cases where fine

ores and flue dust are a detriment to the operation and these

can frequently be minimized through briquetting. When other-

wise waste metals are to be fed to furnaces briquetting enables

them to be used economically. If added in the form of punch-

ings, unbriquetted, much of the metal is lost through too rapid

melting and subsequent volatilization. In screening fuels

there is sure to be a quantity of fine particles which with

proper binders can be made very useful, particularly for do-

mestic purposes.

Obviously, such a variety of raw materials cannot be

handled successfully by a single process, so there is a need

for specialized research in briquetting and this research

should go beyond the laboratory stage. The provision of the

experimental briquetting plant in question is, therefore, one

which is welcome and from it a deal of constructive work

should issue. There are a number of commercial briquetting

plants in the country, varying from briquetting of steel turn-

ings at the rate of 16 to 20 briquettes per minute, these weigh-

ing from 12 to 20 pounds each, to anthracite coal finds in plants

with capacities up to a thousand pounds per day. Another

plant briquettes an average of 8 tons of iron flue dust per hour,

and abroad peat, lignites and sawdust are said to be success-

fully briquetted.

Sometimes materials may be briquetted without a binder and

when binders must be used there is a variety from which

to choose. Occasionally something must be added to acceler-

ate the cementing action in the material so that it will bind

under pressure. Then the proper pressure must be deter-

mined and often briquettes must be given after-treatment to

toughen or harden them or make them water proof. Where

metals are concerned lime is sometimes added to secure a

binding effect and add smelting value to the briquette.

The following record of experimental work so far undertaken

indicates something of the range of briquette possibilities.

Ground phosphate, previously co-minuted with a small per-

centage of water, and lignite after carbonization have' been

briquetted successfully on a rotary press, the latter after mix-

ing and mastication with oil residuum binders. Hard steel

after annealing has been briquetted, as has hard bronze. Cop-

per cement has required no preliminary treatment, while tin

ore has been briquetted with a pitch binder. After heating at

a low temperature, metal leaf and paper have been briquetted

on a horizontal press, and with a lime binder complex copper

ores have made satisfactory briquettes after a subsequent

hardening in steam for three and a half hours or twenty-four

hours of air drying. When shot nickel had been mixed with

sulphite pitch in a pug mill it could be successfully briquetted

in a horizontal press, and in the same type of press hard

wood sawdust without preliminary treatment has been made

into good briquettes.



GENERAL VIEW OF THE APPARATUS FOR TAKING MOTION PICTURES OF BULLETS AND SHOT IN FLIGHT
At the left, the lens which focuses the light rays on the camera which is out of the field of the photograph ; at the center, operator aim-

ing at wires in. the stand in the foreground at the right ; in the background at the right, the reflector and the spark producing apparatus

Shooting Flying Bullets with a Camera
Further Facts Regarding Dr. Bull's Investigations with the Ultra Rapid Cinematograph

Photographs Copyrighted by A. N. Mirzaoff

THE remarkable new process by which ultra-rapid photo-

graphs of objects moving at high velocities can be se-

cured, was described in the March issue of the Scien-

tific American Monthly, but since fresh information has
come to hand concerning the apparatus, we wish to give our

readers the benefit of an enlarged account of this wonder-
ful and valuable invention, which has made it possible to

make motion pictures even of the flight of a bullet. We are

indebted for our data to an article by Jacques Boyer in La
Nature (Paris) for June 19, 1920. We refer our readers to

our March issue for diagrams of the electrical equipment
employed by the inventor, Dr. Bull, sub-director of the Marey
Institute in Paris, for studying ballistic phenomena, and of

the optical and photographic system employed by him. When
it comes to taking moving pictures of rifle and revolver bul-

lets traveling at a rate of 2,000 feet per second, or of shells

moving through the air with a velocity of from 2,500 to 3,000

feet in the same length of time, the problem is far more com-
plicated than in the case of taking ordinary moving pictures

of men and animals in motion. If an ordinary photographic
apparatus has its lens open for only one ten-thousandth of a
second, during the passage of a projectile from a gun
across its field the said projectile will have traveled in

that brief space of time over a distance of nearly two and one-

half inches and will leave only an indistinct shadow upon the

plate of the camera. It is necessary, therefore, greatly to

shorten the time of exposure in order to be able to apply
photography to the study of ballistic phenomena.

Since there is no mechanical device capable of operating so

rapidly physicists have had recourse to electricity for this

purpose. The first step was the invention of special electric

apparatus capable of producing a spark at once very brilliant

and of very short duration. Consequently the electric circuit

in which the said spark makes its appearance must possess

large capacity and an extremely small induction. Further-
more, in order to obtain the spark at a given moment, the pro-

jectile itself is made to close the circuit.

We owe the first idea of such experiments to Dr. Mach, a

professor at the University of Prague, and the date was 1881.

But it was not until 1884 that the Bohemian savant, assisted

by his pupil, Wentzel, succeeded in obtaining distinct photo-

graphs both of a projectile and of the sound wave in the air

produced by the electric spark. However, he found it im-

possible to record the wave of condensation of the air preced-

ing the projectile, and since he ascribed this partial lack of

success to the low initial velocity of the ball (800 feet per

second), which was the highest rate he was able to obtain

in his city laboratory, he begged his colleague, Prof. Salcher

of Fiume, who was better equipped for such investigations, to

continue his researches according to a definite programme
outlined by him. Salcher, together with Prof. Riegler, un-

dertook the work, and succeeded in 1886 by the use of Mach's

method, in obtaining very small photographs, 3 or 4 mm.
(0.118 to 0.157 inches) in diameter and representing bullets

fired from) different guns at various initial velocities (812 to

982 feet per second).

Ten years later C. V. Boys, of the Royal Society of London,

repeated these experiments. By means of a spark flashing

in the open air, without any optical apparatus or even a lens,

he projected upon a sensitive plate the shadow of bullets

moving at a rate of 1,100 feet per second. These records

enabled him to make some interesting observations upon the

movements of projectiles and gases. The same subject

was taken up by various others, including Cranz and Gen.

147



148 SCIENTIFIC AMERICAN MONTHLY October, 1920

T~M
• t

r . %

f
' * i

\ • 1

* 1

f * i

.

-9

.»
'

-

'

'

.

i

i

>
i

I
• * ffr.

* #*-

FLIGHT OF BIRD-SHOT FROM A
SHOT GUN

At the left, smooth bore ; right, "choke"
bore. Note the "wads" following the shot.
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FILMS OF A 37 MM.
IN FLIGHT

SHELL

At the left note air wave preceding the

shell ; right, powder grains around shell.

FOLLOWING THE FLIGHT OF REVOL-
VER BULLETS

Note how the projectile lags behind the

powder gases and then, overtakes them.

Journee. During the war M. Lucien Bull, at the request

of the Bureau of Inventions, made new studies of ballistic

chrono-photography, which we will here briefly describe

:

Like his predecessors, he employed electricity as the source

of light. The spark flashes in front of a concave mirror at

a point situated upon the principal axis, in such a manner
that the rays converge after reflection in the lens of the cam-
era. The entire surface of the mirror is thus illuminated by
the spark, and since the projectile traverses the beam of

light it silhouettes itself thereupon. Hence by producing

a series of sparks at very brief regular intervals, and caus-

ing the sensitive film upon which the successive images of the

projectile record themselves to move at high velocity, it is

possible to secure chrono-photographic pictures of the various

phases of the phenomenon.

It is unnecessary to repeat here the description of the elec-

trical apparatus which appeared in the previous article above

referred to. Sufficient to say that sparks of a duration of

less than a millionth of a

second are obtained. In this

brief interval our revolver

bullet cannot travel more than

1/40 inch. The frequency of

the sparks may be raised to

as high as 50,000 per second,

a blast of air being used to

prevent the formation of a

continuous arc.

The chrono-photographic ap-

paratus consists of a wooden
box hermetically sealed and
fitted with an objective lens.

Inside this box is a light cyl-

inder of duraluminum capa-

ble of being revolved by means
of an electric motor at a rate

of 12,000 revolutions per min-

ute, A sensitive film is rolled

upon this cylinder, which, mounted upon a horizontal axis, suc-

cessively presents every point of its circumference to the focus

of the lens. The film therefore attains a velocity of 100 m.

(328 ft.) per second, which permits the recording during

this short lapse of time of 10,000 images 1 cm. in diam., or of

20,000 images 5 cm. in diam. Finally, a shutter is placed be-

THE CAMERA WITH MOTOR-DRIVEN FILM DRUM CAPABLE
OF TAKING 15,000 PICTURES PER SECOND

tween the lens and the film in such a way that it is possible

to operate in daylight. Electric circuits directly control the

opening and closing of the shutter at the beginning and end
of the phenomena.

Whether we are concerned with 37 mm. guns, with rifles,

with shot guns, or with revolvers, the apparatus do not differ

to speak of. For the first, however, M. Bull operated in a bomb-
proof structure outside the buildings of the Marey Institute

and the projectiles bury themselves in a turf covered target

some distance away. Rifle and revolver balls are fired inside

a room where there is a sand box to catch them.

A direct electric contact is established on the very trigger

of the weapon for the purpose of controlling the shutter.

The latter opens during the discharge of the power and the

recoil liberates the sparks. Furthermore, a small but heavy

mass, which slides freely inside a tube attached directly to

the gun bears a pointed rod at its forward end. Before the

experiment a thin insulating sheet separates this point from

a lead contact likewise at-

tached to the gun, but electric-

ally insulated from it. When
the shot is fired the lead con-

tact, after piercing the insu-

lating sheet, attaches itself

to the point of the little mass,

which does not stir, because

of its inertia. Then the cir-

cuit, connecting the large con-

denser with the ignition appa-

ratus at once closes, while the

series of sparks begin. The
wooden frame, which may be

seen at a short distance in

front of the operator, serves to

locate the operations. It

bears two conducting wires

situated outside the field, but

in the firing axis, and which

are cut by the projectile. The rupture of the first arrests the

sparks and that of the second closes the shutter.

The phases of the phenomenon are seen clearly in the films

recording the 37 mm. guns (5,000 exposures per sec). We
observe first the appearance of the gaseous ring due to the

air driven out by the explosion. This is formed at about 70
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I'm. (27.5 inches) from the gun, from which it recedes in

widening circles at a velocity of 60 m. (about 200 ft.) per

second. Next come the gases of combustion which fuse around
the projectiles. Then the latter is seen instantly followed by

the great mass of gas, and fourthly we see small sparks (prob-

ably ignited power grains) around the shell.

Shot gun Alms show the grouping of the shot at its exit.

They are scattered coming from the smooth bores of ordi-

nary shot guns, but more compact coming from "choke

bores."

In the revolver film the images were made at the rate of

13,000 per second. We see first the end of the gun at the left,

then the gases swirling around the bullet, whose velocity is

very great at first, rapidly grows less. As soon as the pro-

jectile is quite out of the gun the. gases escape and pass the

projectile enveloping it in a fuliginous cone. When they lose

their velocity the ball passes them and once more becomes
visible at a distance of about 6 in. from the mouth of the

gun. A little farther on the projectile passes through a thin

pin board the splintering of which may be seen to the right

and the left of the bullet and curiously enough some of these

splinters have a velocity exceeding that of the projectile.

ABSORBING POISONOUS GASES WITH EARTH
When the Germans first launched poisonous gases as a

weapon some of the soldiers at the front observed that the

ground possessed a certain power of absorption with respect

to such toxic blasts. At the suggestion of a French patriot,

M. Hanriot, who furnished the means of pursuing the investi-

gation, MM. Griffon du Bellay and Hudard, undertook to

investigate the subject. The results of their studies were

presented before the French Academy of Science January 26,

1920.

The first experiments made consisted in breathing for a pe-

riod of thirty minutes air first saturated with bromide of

benzol and then filtered through a layer of vegetable earth or

humus, 10 cm. thick. This experiment having been successful

others of a more precise character were undertaken in the

Laboratory of the Government Bureau of Inventions erected

under the direction of M. Lapicque. It was found that such
earth retains the bromide of benzol, the oxychloride of carbon

and also chlorine gas. This absorbing power is practically nil

in cases of sandy earth, but increases in proportion to the

amount of vegetable debris contained in the soil. For ex-

ample, if one causes a mixture consisting of 30 parts chlorine

with 70 parts of air to pass through 10 cm. of crushed soil at

a rate of 12 ccm. per minute per square centimeter of surface

it is found that the chlorined does not make its appearance at

the exit from the filter until after a lapse of two hours and
twelve minutes. In this instance the earth absorbed 1.50 gr. of

chlorine per square centimeter of the surface of the filter.

M. Lapicque afterwards conceived the idea of making use of

this absorbent power of humus for the better protection of

troops in the shelters occupied during the gas attacks. The
polluted external air was forced to pass by means of a venti-

lator through an earth filter which purified it, thus allowing

the troops to dispense with mdsks in these shelters.

The figures given above refer to filters containing earth "in

a state of repose," i.e., earth which was not renewed during

the experiment, but it was found by M. Legrade, who continued

the experiments of the previous investigators in the same
laboratory that the gaseous mixtures contrive to filter only

by means of a very small number of channels—these being

those of least resistance. The toxic gas, however, made its

appearance at the exit as soon as the molecules of earth form-

ing the walls of these channels were saturated, and it was at

this moment that the experiments described above were ar-

rested and their results given out. It was only necessary to

shake the filter slightly in order to displace these saturated

particles of earth and replace them by fresh ones still re-

taining their power of absorption. M. Legrande made the

important discovery that peat not only possesses the same
properties as humus, but to a much higher degree.

ARRANGEMENT OP APPARATUS FOR PHOTOGRAPHING A 37 MM. SHELL IN FLIGHT



The Interference of X-Rays*
Vibratory Nature of Rbntgen Rays Proved by an Ingenious Experiment

By Dr. K. Siebel

FOE. a long time after the momentous discovery by Ront-

gen in 1895 of a new kind of rays, their nature was very

uncertain. All hitherto known rays have been regarded

as caused by the rapid vibration of the ether which fills all

space, and as being therefore ether waves. Only one kind

of rays, namely, cathode rays, were necessarily regarded as

being material rays, i.e., as a homogenous current of minute

particles of matter being hurled forth with tremendous ve-

locity. Today, however, we know that the cathode rays, in

other words, the rays which proceed from the negative elec-

trode of a vacuum tube are nothing but electrons, i.e., parti-

cles of electricity hurled from the cathode under the pressure

of a high electric tension. That part of the glass wall of the

tube upon which such cathode rays strike under the influence

of heat and of the fluorescence of the glass wall is the

starting point of the X-rays or Rontgen rays which possess

such a remarkable capacity for penetrating matter. Since

there is a great similarity, however, between cathode rays and

X-rays in several other points such as the exciting of fluo-

FIG. 1. S S, PARALLEL, BUNDLE OF LIGHT RAYS; Sp, THE
SLIT ; A, ENTRANCE SCREEN. a, LIGHT PASSING
THROUGH DIRECTLY; b, AREA OF INTERFERENCE
LINES. RAY DG LINGERS BEHIND EF AT DC ; THE
SCREEN AA MUST BE CONCEIVED OF AS BEING
SPREAD MUCH FARTHER APART SINCE THE
WIDTH OF THE SLIT IS BY FAR TOO LARGE

AS REPRESENTED

rescence, the imparting of conductivity to the air, a strong

chemical effect, etc., authorities were inclined for some time

to regard X-rays also as being a sort of material rays, or, in

the more usual term, corpuscular rays. However, the idea

has steadily gained ground that X-rays are really waves of

ether. Since, however, they exhibit neither regular reflection

nor refraction like ordinary light in the usual mediums it

was necessary to suppose that we are here dealing with

waves only about 1 ten-thousandth as long as ordinary light

waves. An attempt was made to express this stupendously

brief duration of vibration by means of the following concept

as to the origin of X-rays. When the electron, i.e., a particle

of the stream of electrons issuing from the cathode with a

rapidity approximate to that of light strikes the glass wall of

the vaccum tube the said electron is suddenly checked or

"braked" in this rapid motion. Since now every electron is,

as a negative electric particle constantly surrounded by a

field of electric lines of force which radiate in every direc-

tion like the radii of a circle, the said lines of force do not

•Translated for the Scientific American Monthly from Kosmos
(Stuttgart) for February, 1920.

instantaneously come to a state of rest when the electron

is suddenly checked but are so checked only after an im-

measurable lapse of time. This checking of the lines of force

naturally begins at the point where they are in contact with
the electron and proceeds in the form of a broken wave. This
interrupted wave of the lines of force imparts to the sur-

rounding ether which is in a state of rest an impulse which
continues as a sort of "push" or impulsion wave which con-

stitutes the X-ray. In spite of this very probable explanation

of the wave nature of the X-ray there was long lacking an

actual proof of it, since no way had been found to show ex-

perimentally a refraction and especially a deflection of the

X-ray.

If an ordinary bundle of parallel light rays (Fig. 1) is al-

lowed to pass through a very narrow slit so as to fall upon
a screen placed behind the said slit, there is observed upon

either side of the bright strip of light corresponding to the

crevice through which the light rays have passed a series of

alternating bright and dark lines which are known as lines of

interference. The same phenomenon can be observed in a very

beautiful manner if a fine cut is made in a sheet of paper

and then a source of light observed through this aperture.

Lines of interference are caused by the fact that the waves

of light are deflected to one side at the edges of the slit

exactly in the same manner as waves of water are deflected by

a floating piece of timber. This occasions a difference of

phase in the separate groups of waves with respect to each

other. . . . And when this difference of phase, i.e., the differ-

ence in the state of vibration is exactly enough for the crest

of one group to compensate the trough of the other, the vi-

bration ceases and a dark interference line is produced. When
the width of the crevice is very large with respect to the

length of the wave, somewhat more than 0.1 mm. these inter-

ference lines are so faint that we are no longer able to see

them.

The difficulty was in proving that these phenomena were

likewise exhibited by X-rays, since we possess no mechanical

means of making a slit narrow enough for waves of such

exceedingly short lengths. At this juncture the following

brilliant thought occurred to the physicist Laue. In the

generally accepted opinion crystals differ from non-crystallized

bodies essentially in the fact that the separate molecules pos-

sess a definite arrangement in space (Fig. 2). Since we are

obliged to consider the distance apart of such molecules to be

about 0.01 pp, i.e., 0.00000001 mm. it is evident that the

free space between two such chains of molecules forms an

FIG. 2. DIAGRAM OF SPACE LATTICE

ideal crevice of infinitely small width and with such a crevice

it would be possible to make evident the deflection and inter-

ference of X-rays provided they are really ether waves. Since,

however, we possess in a plate of crystal not only such a

crevice but a whole series of such crevices parallel to each

other and crossing each other at an angle, it must be true

that we could obtain (as can likewise be demonstrated with

ordinary light) an entire field of such interference phe-

nomena around the ray and not merely on one side and on

150
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the other, as in the case of a single crevice. Since, however,

there are many parallel rows in such a checkerboard frame-

work or special lattice as is represented above, these spots

will be able to make their appearance only in certain definite

directions, whereas they will be nullified at other places by

coincidence with the places of smallest effect.

This theory of Laue was tested experimentally by Friedrich

and Knipping, by causing a narrow bundle of X-rays passing

through a lead screen and through a zinc sulphide plate 0.5mm.

in thickness to fall upon a photographic plate (Fig. 3). The

B

p
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FIG. 3. R, ROENTGEN TUBE ; A, ANTICATHODE ; K,
CATHODE ; C C, LEAD SCREENS ; B, LEAD BOX ;

Kr, CRYSTAL OF ZINC SULPHIDE; P,

PHOTOGRAPHIC PLATE ; S, X-RAYS

result corresponded exactly to the theory (Fig. 4), thus the

experiment not only completely confirmed the theory, thereby

furnishing direct proof of the wave nature of X-rays, but

at the same time furnished a proof of the hitherto purely hy-

pothetical concept of the internal construction of crystals.

The great practical importance of this experiment consists

FIG. 4. DIAGRAM OF ATOM PHOTOGRAM AFTER LAUE,
FRIEDRICH AND KNIPPING

chiefly in the fact that it provides us for the first time with

means of measuring the wave length of X-rays. The results

obtained practically coincide with the previously estimated

magnitude of 0.01 microns.

AGGLUTINATING SOLID POWDERS BY COMPARISON
It has been known for a number of years that it is possible

to agglutinate certain powdered solids by means of compres-

sion. The question is not only one of great scientific interest

from the light it throws upon certain problems in terrestrial

physics, but is also of great importance from a practical point

of view, as for example, in preparing tablets or lozenges of

certain drugs, or in forming briquettes of various industrial

substances. The matter was made the subject of extensive

study some twenty years ago by Mr. W. Spring, especially

with regard to the plasticity of solid bodies and its relation

to' the formation of rocks. Quite recently as we learn from
the Zeitschrift fur Elektrochemie (Berlin) of December 1st,

1919, Mr. T. von Hagen of the Physico-Chemical Institute of

the University of Berlin, has continued these researches.

Mr. von Hagen's experiments were performed upon more

than a hundred pure inorganic substances, including sulphates,
oxides, sulphides, nitrates, carbonates, and halogenides. These
were reduced to a powder fine enough to pass through a
sieve having 25 meshes to the square millimeter. They were
compressed into cylindrical tablets weighing about 0.15 gr.

each by means of a press capable of exerting a pressure of
500 kg. per square centimeter. '

The tablets thus obtained are distinguished by their aspect
into five classes as follows:

1. Plastic Substances.—Substances so plastic that while
being compressed they run over the edges of the press; these

bend under the slightest pressure.

2. Homogeneous tablets.—These are substances which be-

have under pressure like semi-liquids and form, consequently,

a solid homogeneous mass ; these tablets can be cut with a
knife and exhibit a plane section ; they do not disaggregate
under a maximum load of 230 kg. per square centimeter.

3. Smooth tablets.—These are substances whose external

surface alone assumes a smooth, sleek aspect, but which
internally exhibit the form of a pulverulent conglomerate : in

the majority of cases these require a pressure of more than
50 kg. per sq. cm. in order to disaggregate them.

4. Pulverulent tablets.—These are substances whose exter-

nal aspect shows no perceptible modification after compres-
sion ; most of them require a considerable degree of pressure

to be disaggregated, but this pressure is less than 50 kg. per

sq. cm.

5. Non-agglutinable substances.—These are substances which
cannot be agglomerated by compression.

Comparison of the various tablets obtained showed that their

solidity and aspect depends upon a certain number of proper-

ties residing in the original substance.

1. Substances which are related to each other chemically

and also with respect to their crystalline character have a

similar aspect and an equal degree of hardness when com-
pressed.

2. The fusion point of the substance exerts an influence

upon its agglutinability—the higher the fusion point the less

agglutinable is the substance.

3. The agglutinability diminishes rapidly in proportion as

the degree of hardness augments. Substances of hardness of

from 1.0 to 1.5 on the Mohs scale yield "plastic" bodies ; those

having a hardness of from 1.5 to 2.5 yield "homogeneous,"

"smooth," or "pulverulent" tablets. When the degree of hard-

ness exceeds 2.5 the agglutinability rapidly diminishes and
ceases entirely above the point 5.

4. Von Hagen's results entirely conform with those obtained

by Spring with respect to the influence of the moisture adher-

ing to the substances. The quantity of water contained in the

constitution of the substances appear to exert no regular in-

fluence upon the agglutinability.

5. The solidity of the pulverulent and smooth tablets de-

pends upon the fineness of the grain, increasing as the grain

becomes finer.

6. The addition of readily agglutinable substances augments

the solidity of tablets composed of substances which are but

slightly agglutinable ; but the agglutinability of the mixtures

is not an additive property of the components : in other words

the curve of solidity of tablets composed of two substances in

variable percentages is not a linear curve but it is either

convex or concave towards the axis of the abscissae.

Mr. von Hagen subsequently prepared tablets having a defi-

nite grain under a pressure ranging from 560 kg. to 9,800 kg.

per sq. cm., the tablets having a weight of 0.5 gr. each.

When these were compared with respect to hardness, density,

and aspect, it became manifest that these three properties

are functions of the pressure. In the case of smooth and

pulverulent tablets the density increases with the pressure

linearly until it attains almost the same density as the nor-

mal substances. Sometimes the tablets assume a homogeneous

aspect; the curve of the density then becomes strongly in-

curved and continues in a direction almost parallel to the
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axis of the abscissae. The aspect of the hardness ceases to

vary as soon as the homogeneous condition is attained.

In the endeavor to explain the nature of the quality of ag-

glutinability the investigator was led by his experiments to

attribute it to the property of crystals known as plasticity,

there being a very close parallelism between the two proper-

ties. The more plastic a body is, i.e., the more highly en-

dowed it is with the property of undergoing translations, the

less agg'lutinable it is under pressure. The homogeneous con-

dition is produced by the rearrangement without empty spaces

of isolated crystals; this conclusion is confirmed by the micro-

scopic examination of thin sections of the tablets.

NEW UNITS IN THE METRIC SYSTEM—LEGALLY
ADOPTED IN FRANCE

The metric system as at present employed by scientists

everywhere and in industry and commerce also on the conti-

nent of Europe is frequently called the C.G.S. system from

the units of length, mass, and time, upon which it is based,

namely, the centimeter, the gram, and the second. These

units are so small for industrial purposes that numerous in-

ternational conferences have recommended the extension of

the metric system and a choice of units corresponding to the

requirements of industry.

In accordance with this a law was passed in France April 2,

19i9, prescribing new units of measurements. This law was

published in the form of a decree in the Journal Official of

Aug. 5, 1919, to take effect one year after.

The units of measurements have been divided into two

groups, namely, the principal units and the secondary units

:

1. Principal Units.—These include those units which it ap-

pears probable will never require alteration, i.e., the units of

length, of mass, of time, of electric resistance, of intensity, of

current, of the interval of temperature, and of the interval

of luminous intensity.

2. Secondary Units.-—These are those units which may re-

quire modification as a result of scientific progress.

The principal units in the new system are the meter, the

ton, and the second ; hence the system is commonly referred

to as the M.T.S. system.

Space fobids us to publish minute details of these units,

which would in fact be quite unnecessary, but we give below

a list of some of the more unfamiliar terms more or less

recently adopted.

Kilojoule, the unit of work, equals the work done by one.

sthene whose point of application moves a distance of one

meter in the direction of the force, abb. hj.

In the C. G. S. the unit of work is the erg : this is the work

done by a force of one dyne whose point of application moves

one centimeter in the direction of the force. Since this unit

was found to be extremely small in practise the more practical

unit of the joule, which equals 107 ergs was adopted. Mega-

joule equals 1,000 kilojoules, abb. roj.

Sthene, abb. sn., the unit of force, equals the force which in

one second of time communicates to a mass equal to one ton,

an increase of velocity of one meter per second.

Pieze, abb. pz., the unit of pressure, equals the uniform pres-

sure required to produce a total strain of one stiiene when
distributed over a surface of one square meter. Myriapieze

equals 104 piezes, abb. mapz.

Coulomb, the unit of quantity of electricity, equals the

quantity of electricity transported during one second of time

by an invariable current of one ampere. The coulomb is legal-

ly represented by the international coulomb which corresponds

to the electrolytic deposit of 0.001118 gr. of silver.

The ampere-hour equals 3,600 coulombs and represents the

quantity of electricity transported in one hour by a current

of one ampere.

Barye, the unit of pressure in the C.G.S. system equals the

pressure which corresponds to one dyne per square centime-

ter: The pieze equals 104 baryes.

Dioptrie, the unit of power in the M.T.S. optical system.

equals the power of an optical system whose focal distance

equals one meter.

Phot, the unit of illumination in the M.T.S. system equals 104

lux.

Poncelet, a unit of power equals 100 kilogram meters per

second or 981 toatts per second.

Lumen, the unit of' luminous flux, equals the emanation from
a uniform source of infinitely small dimensions and of an
intensity equal to 1. bougie (candle-power) and radiated in

one second in the solid angle which cuts off an area equal to

one square meter upon a sphere whose radius is one meter and
whose center is the luminous source, abb, lu.

Lux, equals the illumination of a surface of one square
meter receiving a flux of one lumen uniformly distributed,

abb. Ix.

A NEW TEXTILE FROM THE BARK OF THE "SILKWORM
MULBERRY"

The earnest efforts instigated by the war to discover fresh

materials for the manufacture of textiles, has led to the si-

multaneous discovery in France and in Italy of a method of

manufacturing a textile from the bark of the silkworm mul-

berry tree. This bark contains fibers which are so long and so

fine that they are comparable to those of flax. Efforts have
long been made on this account to find some way of utilizing

the twigs and bark resulting from the annual clipping of the

trees. Mr. Pol Paxion, in France, and Mr. Sansone Antonio, in

Italy, have separately devised such a method and the results

have attracted great attention, not only in France and Italy

but in Japan and Indo-China. In the latter country there are

certain dwarf varieties of the mulberry tree which are regu-

larly pruned once or twice per year, and it is estimated that

if these twigs were planted in good ground, they would soon

reach a height of 1% meters to 2 meters.

Mr. Antonio retains for his product the name gelso-lino

(mulberry flax) employed by the first investigators along this

line, some fifty years ago. Both short and long fibers are

obtained by this new process. It is stated that the long fibers

can be used for making cloth either alone or mixed with wool

or cotton. These fibers are said to be very strong. The short

fiber will probably be employed in paper making as a substitute

for pulp made from rags. The yield of blanched fibers

amounts to from 10 to 20 per cent of the dry bark, or 2 to 5

per cent of the weight of the branches treated.

DETERMINING THE VALUE OF A SILK FABRIC
The amount of finish of a silk fabric may be ascertained

by drying a sample until constant, soaking for 24 hours in a

3 per cent solution of sodium carbonate, washing, boiling for

half-an-hour in 3 per cent hydrochloric acid, squeezing, wash-

ing, pressing between blotting paper and drying till constant,

the loss in weight being regarded as finish.

To determine the fastness of the color, a small sample is

rubbed on rough white paper or muslin, the resulting stain

being noted. Another sample is fixed on cardboard and ex-

posed to light for several days, part being masked, and the

mask moved a little when fading commences, this being re-

peated several times. In a wet method the samples are soaked

for 24 hours in 10 times their own weight of cold water, and

the amount of extraction or loss of color noted. Samples are

also boiled five minutes in Marseilles soap sodium (1 oz. per

quart). Vegetable fibers in white fabrics are revealed by the

negative result of immersion in a hot, slightly acid bath of

xylidine scarlet, and wool by the brown coloration obtained

on boiling in sodium plumbate. Natural or gelatine silk

heated over a Bunsen flame will smell like burnt horn, and

the fumes will turn red litmus paper blue. Little or no smell

and the converse reaction with litmus indicate cellulose silk.

Gelatine silk is stained brownish-red, and natural silk yellow,

on immersion in iodine dissolved in potassium iodide.

—

Pos-

selt's Textle Journal; Textile Manufacturer, April 15, 1910.

Abstracted by The Technical Review.
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MOISTURE DETERMINING APPARATUS.
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ELECTRICALLY-DRIVEN APPA-
RATUS FOR TESTING STRAIN

Textile Research Laboratory
Miniature Textile Mill of the National Bureau of Standards

By Herbert T. Wade

AT the National Bureau, of Standards at Washington,

A\ the recently completed Industrial Building houses
-* -*- many important activities, but none is more inter-

esting and significant than the work in textile research. This
has been under way for several years with marked success,

and in its present quarters, some views of which are presented

herewith, is capable of expansion as means and facilities are

provided. All of this work, as will appear, is very practical,

and the Industrial Building, in the ground floor and basement
of which are located the textile laboratories, closely resembles

a modern factory building of most approved type built of

reinforced concrete with abundance of glass sash to afford

ample light. The building is practical in every respect, be-

ing neither academic nor official in appearance.

The work here carried on is commercial research, inter-

esting as distinguished from the scientific and pure research

in physics, chemistry, and engineering performed in other

departments of the Bureau of Standards and in various tech-

nical laboratories. Possibly a leading characteristic of such

commercial research is that its prosecutors start at the out-

set with an idea of what the results are to be and seek to

find the practical way in which these results can be obtained

for commercial application.

While standards of material and products are investigated

and determined, attention is none the less given to methods
of production with the aim that these too can be improved
upon and standardized. First perhaps in such a general

process is the development or improvement of proper test

methods, and once these are correct and uniform, it is only

a matter of time when they become standard for an industry

and uniform throughout the country. Such test methods natu-

rally control both raw materials and finished products and
result in standards and uniformity for both.

Accordingly at the Textile Branch of the Bureau of Stand-

ards the first work in importance is concerned with correct

testing methods. For textiles and their constituent fibers and
yarns such properties as weight, tensile and breaking strength,

elasticity, and other physical properties must be determined,

for these naturally control the quality of the raw or unfinished

material as well as that of the finished product into which
it enters. Consequently various methods are employed to

determine these physical properties, and their daily deter-

mination is a routine matter in many mill and commercial
laboratories. It is, however, necessary and desirable to es-

tablish uniform conditions of test particularly in case of

fibers and fabrics where temperature and moisture are well

known to exert important effects. Accordingly at the Bureau
of Standards as a fundamental requisite all tests and test con-

ditions are reduced to a standard humidity and temperature

for convenience called normal atmosphere. There has been

selected as standard a relative humidity of 65 per cent and a

temperature of 70 degrees Fahrenheit. This condition act-

ually is realized and maintained in the testing laboratory by
a system of automatic control and appropriate thermostats

and dehumidifying and moistening mechanism. This state is

a mean or average which in practice is easy to secure in a

mill laboratory. In the laboratory in addition to temperature

and humidity control the air is changed every six minutes

through a circulation and ventilation system. There are

double doors, and as the main laboratory is in the center of the

building there are no outside walls. The walls are of six-

inch tile, plastered on both sides and with such a finish as

to prevent atmospheric condensation on their surface.

In this laboratory are installed various testing machines

of different types and for different objects, and here they are

used under standard conditions. Many are of American man-

ufacture representing those constantly used in mills and

commercial laboratories, others are of foreign design and con-

struction, while others represent the efforts of the physicists

of the Bureau of Standards to improve on existing practice or

to supply a special need by a newly or specially developed in-

strument or device.

In this connection it may be stated, what is probably well

known to most of our readers, that all fibers absorb mois-

ture. Vegetable fibers increase in weight and strength with

moisture, while animal fibers also increase in weight, but
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show decreased strength. Accordingly the importance of

standard conditions and standard specifications can be real-

ized, as these must be secured in order to make tests com-

parable. The strength machines, .several of which are illus-

trated, are of various types and capacities with a range of

from y2 gram for fibers to 1,000 kilograms for a cloth speci-

men. They are for the most part inclination balances where
the tension is gradually increased hydraulically or by opera-

tion of an electric motor until rupture takes place, when the

appropriate amount is read off at the indicator which is duly

arrested at this point.

In many of these machines from commercial practice the

anomalies of American and British usage in employing a

double system of units are evident. The strain may be meas-
ured in kilograms and the length or breadth of the test speci-

men of fiber or fabric in inches. It is hoped in this connection

that all such tests eventually may be on a single international

and preferably the metric system.

In this laboratory are to be seen machines of similar types

from different makers as well

as those of different patterns

submitted by the manufac-

turers of testing machinery

for systematic use and criti-

cism. In this way the makers

are able to embody in their

designs improvements sug-

gested by the experience of

the Bureau's physicists. Not
only in textile instruments

but in other apparatus, it

may be said that the work
of progressive and pioneer

instrument makers in coop-

eration with the Bureau of

Standards has resulted in so

raising the standard of the

American products that the

United States today in a large

measure is practically inde-

pendent of foreign scientific

instruments of precision.

Returning to textile testing, the next element is weight and

as has been stated this depends partly upon the moisture

content. To determine this, it is necessary to dry the sample

in a drying oven with temperature controlled by thermostats.

In the special type used and here illustrated, the weighing can

be done while the fiber or yarn is in the oven which is main-

tained at the specified temperature, by means of a torsion

balance placed above, with a system of hooks for transferring

the baskets containing the fiber or yarn to the scale pan.

Naturally there are various types of these ovens as they

figure in commercial testing to a large degree.

notertol

A ir tn*?r - ^Ratiber a>opftmf

Cnoss-SccrioN or FRArtE

DETAILS OF THE BURSTING APPARATUS

Reeling and measuring machines, steel dies for cutting out

standard size test samples of fabrics for accurate weighing

to determine the weight per yard, micrometer devices for

measuring thickness of fabrics and also resiliency in the case

of felt, for example that used on piano hammers, all are of

approved commercial practice but always the best, and it is

the aim of the laboratory always to seek to be a step ahead

and to find superior devices and methods which may be

recommended as advantageous to the industry. For instance,

in the familiar thread counting device used in the study of

woven fabrics, a special illuminating device has been installed

and the micrometer so improved as to facilitate the direct

reading of the number of threads in a given unit surface.

Naturally in a textile laboratory microscopy plays an im-

portant part and both fiber and fabrics are carefully studied

and photographed. Magnification brings out characteristics

of individual fibers and affords a ready means for their recog-

nition and study. Negatives and prints made with a special

photomicrographic apparatus are filed away along with a com-

plete record of the tests and

examinations and are inval-

uable for study and reference.

The photomicrographic room

and outfit is of interest, as

here not only can the micro-

scope slides be photographed,

but they can be projected on

a large screen and there ob-

served in their enlarged form.

This, it may be said in pass-

ing, is now a usual and im-

portant feature of many in-

dustrial laboratories and test

rooms where the microscope is

used, for the enlarged project-

ed object can be discussed and

demonstrated with facility be-

fore a group of those interest-

ed and thus permits of many
new and practical testa Ad-

joining the photomicrographic

room is a chemical laboratory arranged for the usual textile

tests and analyses without any special research features which

would be considered necessary in the Bureau's main chemical

laboratories. Of course it is realized in testing and similar

studies that while the microscope can be used for qualitative

determinations in the study of the fibers and various materials

in a fabric, the chemical laboratory is necessary to furnish

the quantitative information.

An interesting study carried on at the Bureau during the

war, and which in its completed form affords a comprehen-

sive record and summary of the entire subject, was the in-

vestigation of airplane and balloon fabrics from the allies and

Bupstiho Apparatus
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from captured German aircraft. This was of special signi-

ficance in view of the development work in connection with
special airplane and balloon fabrics to be referred to later,

but mentioned at this point in view of the completeness of

the tests and analyses of all those materials which could be

.secured for study. A complete investigation was conducted

of the entire subject from the nature of the original fibers, to

the treatment and use of the finished fabric, including a full

record of the various samples, a number of which were from
experimental fabrics.

In the case of the balloon fabrics developed at the Bureau,
of which the illustrations show some of the tests for gas re-

tention and bursting strength, there was a full study of vari-

ous samples beginning with the individual fibers under the

microscope. Early examinations were made of fine sections

sliced off by a microtome to determine among other things the

extent to which the rubber proofing had permeated the fabric.

After a complete qualitative and quantitative examination for

its composition the fabric was submitted to a test for bursting

strength as here illustrated. The sample was clamped in a

frame and a constantly increasing pressure supplied until

rupture took place. Through these studies and tests a very

satisfactory balloon fabric was secured for the United States

Army and Navy, which unquestionably would have figured in

any further construction of dirigible or observation balloons

had the war continued, as it was far superior to European
samples.

In the development of original tests the aim is to repro-

duce working or service conditions so far as possible. Thus
experimental apparatus for the abrasive test of fabrics seeks

to simulate conditions of actual wear. A revolving cylinder

coated with an abrasive bears against the fabric under test

with specified conditions of pressure and tension, speed of

revolution, duration, etc. In this way the resistance of the

sample under such conditions can be determined and the rela-

tive wearing qualities of several fabrics ascertained. This

apparatus, it may be said, is still in an experimental stage

and has not been reduced to permanent and standardized form
for official tests.

The activities so far described have dealt with testing.

Now comes the research work proper on a large scale where
various fibers can be treated and turned into finished fabrics

on a production scale though naturally on a greatly reduced
basis. Here are full sized machines of commercial type,

power driven by individual motors, and representing the best

standard practice. These can turn out cloth or knit goods

affording data for a complete record of raw materials, process

and efficiency of individual machines, should this last item

be desired. There are in brief miniature cotton and woolen

mills where the complete process from fiber to fabric is

carried on.

In the space on the first floor devoted to cotton there is

a picker room, card room, and general mill. In the last

are included the combing, drawing, spinning, and weaving
machines, a combination hardly to be found in actual prac-

tice, but in this case there is no special objection to such an
arrangement as it is not proposed to carry on all the proc-

esses at one time simultaneously. In the picker room the bale

of cotton is opened and cleaned, passing through an auto-

matic feeder, opener, breaker picker and finisher picker. This

work usually is done in three stages, beginning with the

breaker, and passing to the intermediate and finisher, the

aim being to eliminate sand, broken leaf, and seed dirt, and

to produce a lap of uniform thickness and weight, but here the

cotton is passed through the breaker picker and then through

the finisher picker twice. The lap thus formed passes to the

cards, of which there are two machines each of 40 inches

in an adjoining room, where in a series of processes most

of the dirt, short fibers, and tangled bunches of fiber are re-

moved and a round strand known as a sliver produced. This

process, as well as the subsequent combing in the case of

fine yarns, is of course adjusted to the kind of yarn or fabric

on which the mill is working, the aim being to secure a

sliver as free from dirt and of as uniform a staple as it is

THE COTTON MILL, LOOKING TOWARD THE WARPING AND WEAVING PROCESSES
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THE COTTON LOOMS AND SPINNING MACHINES—THE CARDING AND OPENING MACHINES IN THE BACKGROUND

mechanically possible. Next there is a continuous drawing

process where the card slivers are brought together and are

drawn out by drawing rolls. The slivers are drawn several

times, first doubled and then drawn, but always straight,

however. The drawn sliver then passes into the roving ma-

chine where it is twisted as well as further drawn and wound
on bobbins. On the last of the roving frames the rovings

wound on two bobbins again are twisted, drawn and finally

made ready for the spinning frame adapted to the desired

kind and size of yarn, these being of the ring spinning type.

The drawing and roving machines are to secure a parallelism

of the individual fibers and a roving of uniform weight per

yard.

To one- acquainted with textile manufacturing there is no

special novelty either in the processes or in individual ma-
chines. Interest, however, attaches to their assembly and

use in a small group according to a logical plan and purpose.

The machinery here is all commercial with minor or special

changes for convenience rather than for quantity production

or manufacturing efficiency.

Once the cotton yarn is spun it goes to the warp frame to

be beamed and sized, the latter process being performed in a

slasher. The filling yarn can be woven as soon as it comes

from the spinning frame. The sizing process is to glue the

fuzzy fibers into the yarn and to give it a glazed surface to

reduce friction in weaving. On looms which are both plain

and fancy, fabrics are woven from the yarns in the usual

way. There are also knitting frames for making socks which

can use any desired or special yarns.

Throughout the laboratories there is an improved humidi-

fication system which can be set to maintain within reason-

able limits the degree of relative humidity required for the

mill atmosphere. The humidifier, refrigerator, and pump are

located below in the basement and all operate automatically.

In the wool and worsted department the same general proc-

esses are followed as with cotton, though here the machines

in all cases are not of commercial size. There is the wool

duster, two sets of cards, one 24-spindle mule, a shoddy picker

or machine for reclaiming manufactured wool, that is using

old fabrics to furnish fibers, reworking them into shoddy,

which in many cases is more desirable and efficient than

virgin wool, also a shear, a press, two felting stocks, hardener,

steam table, etc., and a fulling mill.

The wool is duly carded, drawn, etc., and the process fol-

lowed with the rovings spun into yarn by a mule as shown
in the illustration, which except for its reduced extent is

the same as would be seen in a regular woolen mill. There

are also the looms on which the cloth is woven.

It must be borne in mind that this is a laboratory and not

a textile mill designed for commercial manufacturing. Here
production, even when it can be secured on a practical scale

is only an incident, as the aim is to determine the possibilities

of various ideas and methods which if successful can be car-

ried out on a large scale in actual practice. For example, by

using reworked wool or various mixtures of cotton and wool,

fabrics can be made experimentally whose physical proper-

ties can he studied.

The composition of the most satisfactory army blanket was
one of the studies made at the Bureau of Standards and the

most efficient and economical combination of raw material

was determined. In any case a certain number of yards of an

experimental fabric can be woven and submitted to various

tests to prove or disprove the correctness of the underlying

hypotheses on which the work was projected. The sizing of

the yarn might be varied, tension or other conditions ad-

justed and the effects on the resulting product determined.

The textile industry in the United States is becoming con-

stantly more technical and exact, and rule of thumb methods

based on limited mill experience are giving way to expert

training and technical processes. Consequently work done

at the Bureau of Standards aims to help in the general prob-

lems of the industry as well as certain direct and often routine

problems or tests of the Government.

These Government problems of course vary from time to

time, but the recent war brought a number to the fore and

tiieir successful solution at the Bureau of Standards more than

vindicated the wisdom of establishing the Textile Branch.

Foremost perhaps of these was the development of a satis-

factory cotton airplane cloth, undertaken and brought to a

satisfactory conclusion by Mr. E. D. Walen, then in charge

of this branch. Anticipating the possible shortage of linen

and the need for aircraft fabric as early as 1916 Mr. Walen
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began the systematic study of the linen then used for air-

craft in order to determine its general and also the peculiar

property which made it suitable for this purpose. The Bureau

investigated the linen fabric as a structural material, de-

termined its essential characteristics for this application, and

then sought to realize and duplicate these necessary properties

in a cotton fabric, securing equal strength and even higher

resistance. As a result of this purely textile investigation

vast quantities of the new fabric were manufactured and used,

even the British making large purchases which they employed

in preference to linen at the end of the war.

In the manufacture of gas masks the Bureau of Standards

in cooperation with the Chemical War Service of the United

States Army and the manufacturers, developed a felt which

would exclude the so-called solid gases. The perfection of

a balloon fabric for the United States Army already has been

mentioned. A work of peace has been the development of

an improved prison uniform cloth that for. comfort and service

has been found most durable and satisfactory. By determining

and grading the surplus textile products offered for sale by

the United States War Department there resulted to the Gov-

ernment a considerable profit as various classes of goods

could be sold separately by grade and thus bring higher

prices.

While the Bureau is always busy with its tests and in

formulating specifications for the needs and purchases of the

different department of the Government, it is ready always

to cooperate with manufacturers in straight production prob-

lems and development work. It naturally aims to develop

standards of products as the needs of the industry require.

The Bureau does not do for private corporations or individ-

uals routine or commercial testing which is effectively carried

on in commercial laboratories. Through its present develop-

ment and standardization work the Bureau has been able to

accomplish a great deal for American industry, and textile

manufacturers are appreciating its facilities and efforts more
than ever before.

SILK FROM SPIDERS
It is in the tropics that the raising of spiders for the sake

of their silk is most feasible. A Spanish traveler of the

seventeenth century, Don Felix d'Azara, described garments
made by the Indians of Paraguay with the silk produced by
the Epeiras socialis. Various silk spinning spiders are found
likewise in China, India and West Africa. A specially de-

sirable species, according to a writer in La Revue Scien-

tifique (Paris) of April 24, 1920, is the "Halabe" of Madagas-
car. This is unusually large, the female (which is the sole

spinner) attaining a length of 7 cm. and producing a consider-

able quantity of very beautiful silk of a rich golden yellow.

While this silk is very fine it is much stronger than that of

the silk worm. It possesses the great advantage of not needing

to be carded or spun. It is ready to be woven just as it

comes from the spinnerets of the animal. The yellow color

is readily removed by bleaching. There are said to be mil-

lions of these creatures in the wooded areas of Madagascar,
especially near Tananarive. They are in fact an article of

commerce among the natives, selling for 40 centimes per

hundred.

They are sedentary in habit and make no attempt to escape

from the enclosures or yards where they are kept. It is

only necessary to erect bamboo rods, three meters in length,

in lines spaced 50 cm. apart so that they can spin their webs.

An ingenious method is used to increase the yield of silk,

borrowed from a nineteenth century English silk spinner

named Rolt, who conceived the idea of reeling the silk di-

rectly as it issued from the spinnerets. By operating in this

manner with the European species Epeira Diadema Rolt suc-

ceeded in obtaining in 12 hours from 22 spiders a thread no

less than 6 kilometers long ! This method has been applied to

the lialabes by M. Caboue of Madagascar, who has thus ob-

tained some very beautiful specimens of silk with a very primi-

tive sort of apparatus. An improvement in the method was
effected by M. Nogu6, sub-director of the Professional School

of Tananarive, to the end of obtaining a more regular produc-

tion. He has constructed a machine serving for the simulta-

neous reeling of the silk from a dozen spiders and the twist-

ing of the fibers from the spinnerets. The thread thus ob-

tained is double, so that it contains practically 24 fibers in-

stead of 12.

Each halabe produces 300 to 400 meters of silk at each

reeling and is capable of being reeled 4 or 5 times at intervals

of 10 days before dying.

Since the spiders are carnivorous, living on insects which

they catch themselves, it is presumably much cheaper to

rear them than to breed silk worms. Apparently we have

here the beginning of a promising industry, at least in the

tropics. While the silk of the Epeira Diadema was actually

used in an 18th century experiment for making a fabric as

well as for stockings and mittens, the difficulties involved and

the frailness of the textiles produced have prevented the

matter from being followed up. The silk of this European

species, however, is used in optical instruments because of its

extreme fineness, a filament being about one-ninetieth as large

as that of the silk worm.

PROTECTING MILITARY CLOTHING FROM GASES
In the Revue Textiles et des Arts Industrials (April 10,

1920) the effect of exposure of military clothing to powder

and gases is discussed. An alkaline reaction takes place. The
destructive effect of the exposure may be retarded by the use

of various acid salts, but chromium salts are the most effective.

A TWENTY-FOUR SPINDLE WOOL MULE MINIATURE WOOL CARDS AND CONDENSERS



Lubrication in Power Plants*
Some Practical Tests Which May Be Used to Determine the Fitness of Lubricants

By Robert June

AN accurate knowledge of lubricants and lubrication on

the part of operators and engineers is of vital im-

portance to the economical operation of the power
plant. This is true because, even in a plant where the lubri-

cants used are the best adapted for each particular service, the

losses of power due to friction may range from 50 to 30 per

cent. With improper lubricants the losses due to friction

may run much higher, and to these losses may be added the

losses in depreciation of equipment caused by wear on bear-

ings, guides, cylinders, etc.

As a general proposition, losses due to friction will be

found to vary from 8 per cent in central stations, where

energy is produced but not utilized, to 25 per cent in plants

such as iron and steel mills, where manufacturing processes

are carried on. Reducing this friction power loss by 10 per

cent will generally pay for all lubricants used in the course

of a year. Hence, the proposition of saving oil does not cause

so much concern as does the problem of saving power, for by

saving power the cost of lubricants may be offset several

times over. This is an aspect of the problem of lubrication

that is, unfortunately, not generally appreciated by the plant

manager and superintendent or by the operating engineer.

Engineers know they get more satisfactory results with cer-

tain lubricants than with others, but the value of these re-

sults in dollars and cents is almost never placed before them

in such a manner that they can fully appreciate their im-

portance.

FRICTION AND LUBRICATION

The function of a lubricant is to reduce friction, which

may be defined as the resistance or binding action encoun-

tered when one body is drawn over another. Friction will

vary with the character of the materials, the smoothness of

the surfaces and the pressure exerted to force them to-

gether. Fig. 1 illustrates the conditions existing when bodies

of different degrees of smoothness are drawn over each other.

It is evident that as the roughness of the surfaces increase

there is a greater tendency for the projections to lock to-

gether, and that greater force will be required to draw the
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FIG. 1. BEARING OR RUBBING SURFACES HAVE VARYING
DEGREEiS OF SMOOTHNESS

bodies with rougher surfaces over each other than to draw
those with smoother surfaces. This clearly shows the im-

portance of giving bearings, guides and cylinders the smooth-

est possible finish. Unfortunately, we never can obtain com-

plete smoothness of surfaces with any metal and must, there-

fore, content ourselves with obtaining the smoothest surface

possible with the particular materials employed.

The purpose of lubrication is to interpose a film of oil be-

tween the moving surfaces, thus forcing them apart so that

actual contact of metal with metal is avoided, leaving only

the fluid friction of the lubricant. The expression "fluid fric-

tion of the lubricant" may be taken as referring to the re-

sistance of the oil to the force tending to pull its particles

apart. This can best be understood by referring to Fig. 2,

wherein an attempt has been made to show the condition of

the lubricant in a bearing in action. It will be seen that the

oil which is in closest contact with the shaft moves at a

much faster rate than that which is in closest contact with the

bearing. In other words, we have what may be termed a num-
ber of layers of oil between the shaft and the bearing, each

moving at a progressively faster rate, depending upon their

proximity to the shaft.

It is this condition of fluid friction set up in the oil which

'Reprinted from Electrical Rciiew, June 19, 1920.

FIG. 2. ILLUSTRATING THE RELATIVE SPEEDS OF THE
VARIOUS LAYERS OF OIL SURROUNDING A SHAFT

IN A BEARING

makes the choice of a proper lubricant extremely important.

The reason for this is that operating conditions vary widely,

depending upon the pressure tending to force the bodies to-

gether, the temperatures existing at the point at which the

lubricant must be used, etc. Obviously no one lubricant can

be expected to meet all conditions of services, so the lubricant

best adapted for each particular service must be selected.

CHARACTERISTICS OF A GOOD LUBRICANT

A good lubricant is one which, for the particular service

under consideration, possesses the following characteristics

:

It should prevent the surfaces from coming into contact under

conditions of maximum pressure, ability to do this being a

function of viscosity or, as it is sometimes called, "body" of

the oil; it should absorb and carry away heat, have a low

coefficient of friction, be of the lowest viscosity consistent

with the work required, and free from any tendency to oxidize.

Its temperature of vaporization (flash point) should be high,

its freezing point low, and it should be free from acids.

Having outlined the qualifications of a good lubricant for

any particular service, the characteristics of the various lubri-

cants available should be examined to see the services for

which they are adapted. Lubricants may be divided into

various classes such as vegetable oils, animal fats, mineral

oils, solid lubricants and greases. Each of these classes pos-

sesses certain definite characteristics.

Vegetable oils consist principally of linseed, castor, rape-

seed, resin, cotton seed oil, etc. These do not, in themselves,

possess lubricating properties of any great practical value,

since they oxidize at comparatively low temperatures and are

apt to become thick and gummy in a short time. These oils

are, therefore, of very poor cold test, congealing at a com-

paratively high temperature, thus making them inconvenient

for use in cold weather. The principal use of these oils for

lubricating purposes is confined to the compounding of oils

for certain services.

15S
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CHARACTERISTICS OF VARIOUS LUBRICANTS

Animal oils in general use are tallow, neats-foot oil, lard,

sperm oil, wool grease, fish oils, etc. Individually these oils

possess the same objectionable features as vegetable oils and
are, therefore, seldom used in a pure state, but are fre-

quently compounded with the mineral oils. The reason for

this compounding, when done, is that the compound oils in

general have better lubricating qualities than pure mineral

oils of the same viscosity or body. In cylinder lubrication,

especially in the presence of moisture caused by steam, the

addition of 2 to 5 per cent of tallow seems to increase the

lubricating effects. When used in these proportions, the bad

effects from the decomposition of the tallow, which may set

free acids which attack the metal, and the bad effects of

gumming or oxidation are not so great as to overbalance

the advantage of better lubrication.

Mineral oils have many advantages as lubricants over ani-

mal or vegetable oils. They are cheap and, being of non-or-

ganic origin, are of a more stable chemical composition, and do
not tend so readily to change their condition by becoming
rancid, thick or gummy from exposure to the air, and they

have no corrosive action on metals. By what is known as

fractional distillation, mineral oils can be separated into a

great many different grades, from the lightest spindle oils tu

the dense, heavy cylinder oils. They are of lower cold test

and not so liable to spontaneous combustion as the animal

fats. They present a wider range of lubricating properties

than oils derived from animal or vegetable sources, the thin-

nest being more fluid than sperm oil and the thickest more
viscous than fats and tallows.

Mineral oils may be separated into various groups and
classified as distilled, natural and reduced oils. Distilled oils,

which are produced by distillation from crude petroleum, are
so treated by various processes, in which alkalies and acids

are employed, as to appear in the finished product as trans-

parent fluids of extremely stable composition. Natural oils

are prepared crude petroleums from which grit, suspended
and tarry impurities have been removed. They are usually

dark, opaque and rich in lubricating properties. Reduced oils

or, as they are sometimes termed, heavy natural oils, are oils

from which the lighter hydrocarbons have been evaporated,

and from which the tarry residue has been removed by fil-

tration.

USE AND CHARACTERISTICS OF SOLID LUBRICANTS

Mica, soapstone and dry graphite which are the principal

solid lubricants are mixed for use with greases or oils. Their

principal use is to be found where great weights have to be

carried on small areas, and is usually confined to low speeds.

The coefficient of friction for solid lubricants is high, and they

are, therefore, not particularly economical. Better results can

usually be secured by the use of larger bearing surfaces, but,

when design does not permit of these larger surfaces, there

is a real field open for their use. Under certain conditions of

speed, solid lubricants will sustain pressures under which no
liquid would work.

Crystalline or flake graphite is dense and compact and is

not easily reduced by crushing between the fingers, so that

the individual particles maintain their size. Amorphous
graphite, under pressure, continues to be reduced in size until

the particles are no longer evident to the touch. Flake

graphite is the better lubricant because it has good wearing

qualities and adheres to metallic surfaces with which it comes
in contact. The value of flake graphite as a lubricant lies in

its property of filling any irregularities that exist in a bear-

ing surface, thus reducing the roughness and producing a

better surface for lubrication with oil or grease. Neither form
of graphite is affected by heat.

Graphite is of value as a lubricant for steam-engine cylin-

ders, provided it is used in moderation and not fed in excess.

The entire value of graphite as a lubricant is lost if an ex-

cessive amount is used. When the valve seats and cylinder

walls of an engine are badly cut or scored, the addition of a

little graphite (several teaspoonfuls), mixed with the cylinder

oil, will greatly aid in smoothing up the surface of the bear-

ings. For steam-engine cylinders using superheated steam,

flake graphite is of great value. It aids in filling up the ir-

regularities of the cylinder wall surfaces so that the cylinder

oil, which is greatly reduced in viscosity by the high tem-

peratures found in these cylinders, will have the best possible

surface conditions to work on.

In order to obtain a clear idea of the value of graphite as a

lubricant, the engineer must appreciate the fact that graphite,

to be efficient, must identify itself with the metallic surfaces

to be lubricated. Its function is to fill up the pores and de-

pressions in the surfaces, giving them a smooth, polished

finish. Lubricating oil must tben be introduced between the

rubbing surfaces so as to produce a film, which will be

more efficient in its results because of the reduced frictional

resistance that will have to be overcome.

The specific gravity of graphite being 1.81 is greater than

that of oil. For this reason it will settle out on standing so

that it is not possible permanently to suspend graphite in

oil. A mixture of oil and graphite should never be put in

an oil cup or sight-feed lubricator, as the graphite will soon

clog the feed passages. For use in engine bearings, a mix-

ture of a heaping teaspoonful of graphite to a pint of oil is

sufficient. About 4 per cent by weight is the average good

practice when mixed with oils and greases, and gives good

results when applied at reasonably long periods. Graphite

should never be used on bearings supplied with forced or

flooded continuous lubrication.

There is a great variety of lubricating greases. Petro-

leum cup grease consists of lime soaps, mineral greases and

resin oils. Soap gives the grease melting-point and body.

Greases are excellent lubricants when properly used, but they

have a very narrow range of service and should not be called

upon to perform the function of lubrication under conditions

to which they are not suited. The use of any solidified lubri-

cant places a drag or friction on the bearing in which it is

used. The chief advantage of grease as a lubricant lies in

its cleanliness, and in its property to stay put. In bearings

revolving at a slow speed, where it would be difficult to main-

tain a film of lubricant, grease may be used to advantage.

For crankpin bearings of high-speed engines, grease will give

satisfactory results. Due to its adhesiveness, it will main-

tain a layer of lubricant when the machine is at rest, and

thus reduce the starting friction when the machine is placed

in operation.

THE TESTING OF LUBRICANTS

While it is possible to lay out quite elaborate specifications

for lubricants, covering every type of service, the fact never-

theless remains that these specifications are, after all, only a

starting point. After a particular lubricant has been chosen

by specification, it remains to test it out under actual work-

ing conditions and then to try other lubricants of such a

general nature as to lead the engineer to believe that suc-

cess might attend their use. Only by comparing the perform-

ance of a number of lubricants under actual working condi-

tions, can the best lubricant be chosen for the particular

service under consideration. The first step, however, is to

choose intelligently several lubricants which are to be tested

out. In order to do this it may be well to review the tests

and specifications used by large consumers in the purchase of

lubricants. Chemical, physical and practical tests are made
in the complete examination of an oil for a particular service.

CHEMICAL TESTS OF LUBRICATING OILS

To pass the chemical tests of the Navy Department, "all oils

should be neutral in reaction, and should not show the pres-

ence of moisture, matter insoluble in petroleum ether (hard

asphalt), matter insoluble in ether alcohol (soft asphalt),
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free sulphur, charring or wax-like constituents, naphthenic
acids, sulphonated oils, soap, resin or tarry constituents, the

presence of which indicates adulteration or lack of proper
refining. Except in oil for engines without forced lubrication,

no traces of fixed oils (animal or vegetable fats) should be

found.

"In lubricating oil for main engines without forced lubrica-

tion, approved fixed oils such as rapeseed, olive, tallow, lard

and neats-foot oil may be used. When the foregoing fixed oils

are used, they must be well refined with alkalies, unadulter-

ated, containing a minimum of free fatty acids, with no mois-

ture or gummy constituents. Olive oil should not have a

high specific gravity. If satisfactory emulsifying results can

be obtained with straight mineral oils on engines without

forced lubrication, they may be submitted for service test."

While the small plant owners is not usually in a position

to have various tests of oils made in his plant, he can have
them made by a commercial laboratory at a cost which, in

view of the possible savings to be effected, is well worth the

time and expense involved. Large plants, of course, often

possess laboratories and are in a position to make the tests

themselves. The procedure involved in a satisfactory test

may be outlined as follows:

Moisture Test.—Wet the walls of one test tube with the oil

under investigation and put 3 or 4 cc. of the oil in a second

tube and place in a bath of liquid paraffin, which should be

brought up to a temperature of 300 deg. F. If the oil con-

tains water, emulsions will form on the walls and foaming
and sputtering will be noted.

Sulphur Test.—Take a small piece of metallic sodium the

size of the little finger nail and boil it for 30 min. in 50 cc.

of the oil in a test tube. At the end of this time add an equal

amount of water and again place over the burner flame until

the sodium is dissolved. After the sodium has disappeared,

pour off the water and pour in a 1 per cent solution of sodium

nitroprusside. If the mixture turns to a violet color the oil

contains sulphur.

Tests for Acids and Alkalies.—Pour 25 cc. of oil and 50 cc.

of distilled water into a test tube and divide the mixture into

two equal parts. Add methyl-orange to one part to deter-

mine the presence of acids and add phenolphthalein to the

other part to determine the presence of alkalies. The forma-

tion of emulsions indicates the presence of acids or alkalies

as the case may be. Acids cause corrosion and should be

avoided in all cases.

Tests for Matter Insoluble in Ether.—Place 14 cc. of ether

alcohol (eight parts of ether and six parts of alcohol) and

11 cc. of oil in a test tube, shake thoroughly for a minute or

two and then allow the mixture to stand for 12 hours. At

the end of that time, if there is any precipitation at the bottom

of the tube, it will be asphalt. Even a trace of asphalt makes
the lubricant undesirable, since it causes scoring of journals

and clogging of oil lines.

Tests for Matter Insoluble m High Grade Gasoline.—Filter

thoroughly 300 cc. of 86 to 88 Baume gasoline and place it in

an absolutely clean and dust-proof glass receptacle. Sprinkle

2 cc. of oil into the gasoline and allow the mixture to stand

for 12 hours. If there is any precipitate at the end of that

time, it will consist of soft asphalt or carbon particles, and

even a slight trace would make the oil extremely undesirable

for use.

Test for Tarry or Suspended Matter.-—-This test is carried

out in the same manner as the previous one, using, however,

95 cc. of gasoline and 5 cc. of oil. The receptacle may be ex-

amined for the presence of precipitate at the end of an hour.

Test to Determine Mineral or Vegetable Oils.—Take a small

piece of metallic sodium and bring it to a boil in 10 cc. of

oil. The presence of animal or vegetable oils will be indicated

if the mixture become gelatinized or of a semi-solid nature.

Test for Presence of Undesirable Carbon or Hydro-Carbon.—
This test is made by simply heating a small quantity of oil to

a boil in a test tube and then comparing the color of the

heated with that of unheated oil. If there is any discolora-

tion it indicates the presence of undesirable constituents.

Gumming Test.—This test indicates the extent to which the

oil has been refined and will, therefore, serve as a guide to

indicate the extent to which oil may be expected to oxidize or

gum when in use. The test is undoubtedly of great value and
should always be made when opportunity is afforded. It con-

sists simply of mixing a small quantity of oil in the test tube

with an equal quantity of nitrosulphuric acid. If the oil has
been properly refined, no change will be noted, but if the oil

has been poorly refined the fact will become evident by the

simple separation of material of dark color. This separation

is the result of oxidation of tarry matter in the lubricant.

It has been found that the result obtained by the gumming
tests compares almost exactly with what is known as the

carbon residue test, which is made by distilling the oil to dry-

ness in the . test tube. This carbon test has been found of

great assistance in choosing a satisfactory cylinder lubricant

for gas engines, as the presence of carbon always and invaria-

bly means trouble in gas engine cylinders.

Tests which have just been outlined are easily within the

range of even the small plant operator, and the writer believes

that the investigation of the characteristics of the oils being

used is well worth the attention of operators in both large and

small plants.

This is particularly true because of the fact that the pres-

ence of undesirable matter in the oils mean very heavy costs

for repairs to equipment and may even cause a shutdown of

the plant at critical moments.

HARDENING OF SCREW-GAGES
A paper by the late Mr. W. J. Lineham, read before the

Institution of Mechanical Engineers, gives the results of a

valuable research carried out at the Goldsmiths' College on

the hardening of screw gages under conditions that produce

so little distortion in pitch as to render lapping after harden-

ing unnecessary.

Hardening depends on the fact that steel, after sudden

quenching, remains in the condition that prevailed at the

quenching temperature, and it is found that quenching while

crossing a recalescence point produces the least amount of dis-

tortion. The author's experiments confirm this as regards

the Ar 1 line, which is a more constant temperature than the

Ar 2 line for varying carbon percentages, but in no case was

there complete freedom from distortion. A cyanide bath,

followed by a "Pyromelt" salt bath, was used, and in the

first series water-hardening was carried out. The paper de-

scribes the precaution taken in preparing and gaging the

specimens. Apparently extraordinary results were obtained,

but the curves of extension over quenching temperature were

found, on super-position, to cross pretty consistently at 700°C.

As regards water-hardening, it was established that a temper-

ature of minimum distortion that can be relied on is 700°C.

(1,292°F.), that no variation is allowable above 700°O, but

that an allowance of 10° below 700°C. is practically permis-

sible. A second part to the paper confirms some of the re-

sults with actual screw gages instead of the cylindrical planks

used in the first experiments, and investigates the conditions

for oil hardening. Finally, the author gives the following

conclusions: (1) Hardening screw-gages in oil, after casing

in cyanide, can be porformed with less distortion than if

water is the quenching medium. (2) The temperature at

717°C. (1,323°F.) is the best heat for oil-quenching. (3) By

screwing gages to accurate pitch and to diameter at two-

thirds below high limit and one-third above low limit, lapping

can be dispensed with. In the course of the paper a very

remarkable example of distortion of a disk of mild steel is

referred to. This, after about 1,000 heatings and quenchings,

had increased its thickness from 0.8 to 2.5 in., with a final

increase in volume of 1.5 per cent.—W. J. Lineham, paper-

read before the Institution of Mechanical Engineers, April

23, 1920, 28 pp. Abstracted by The Technical Review.



PIG. 1. MOTOR END VIEW OF A 200-KILOWATT ALEXANDERSON MOTOR

High Power Continuous Wave Radio Apparatus

The Alexanderson System for Radio-Telegraph and Radio-Telephone Transmission

Abstracted from a paper by Elmer E. Bucher

RADIO engineers early foresaw that the ultimate gener-

ator of oscillations for radio-telegraphy and telephony

would be one of a type providing more efficient and
reliable operation than the systems utilizing the "arc" and
"spark." In fact the literature of the past makes frequent

references to the desirability of an oscillation generator con-

structed along the lines of an ordinary power-house alternator
;

but because such alternators were required to provide fre-

quencies a thousand times or more in excess of those used

in power engineering, new problems of designs were encoun-

tered which were declared by many . to be well-nigh insur-

mountable. For a time the development of the art seemed to

follow the line of least resistance, and it resulted in the evolu-

tion of several systems utilizing the "arc," the "spark gap,"

and the type of radio frequency alternator which generates

at a comparatively low frequency, the necessary increase of

frequency being obtained either by groups of mono-inductive

transformers external to the alternator, or by tuned "reflector"

circuits associated with the alternator. None of these systems,

however, can be said to have satisfied fully the exacting re-

quirements of commercial operation.

An oscillation generator suitable for commercial radio serv-

ice uver great distances should possess the following qualifi-

cations :

(1) It should generate a steady stream of oscillations of

constant amplitude.

(2) It should generate a so-called "pure" wave; that is, a

fundamental wave in which the radiation incurred by

super-imposed harmonics is negligible.

(3) It should provide a performance as reliable as the ordi-

nary power dynamo.

(4) It should operate economically and efficiently.

(5) It should permit manufacture of units in any desired

power.

(6) The design of the whole system should be such as to

permit telegraphic signaling at very high speeds.

For a number of years the design of radio frequency alter-

nators has occupied the attention of Mr. Ernst F. W. Alexan-
derson and his staff. Starting with the development of several

experimental types of alternators, they have steadily pro-

gressed toward the designs of more powerful machines which
are now available for commercial use. Standardized alter-

nator sets for transmission at wave lengths between 6,000 and
10,000 meters and between 10,500 and 25,000 meters, are now
in production. This description is devoted principally to the

discussion of a 200-kilowatt set, although sets of other powers
are now under construction.

In September, 1918, a 200-kilowatt alternator set was in-

stalled at the New Brunswick (N. J.) station of the Radio
Corporation, and from that time it has provided continuous

and most satisfactory service in continent-to-continent com-
munication. Normal transmission is at present conducted at

the wave length of 13,600 meters, with antenna current of 400

amperes corresponding to an alternator output of approxi-

mately 80 kilowatts. With this fractional value of the avail-

able output of the alternator, transoceanic communication has

been maintained with European stations throughout the

twenty-four hours of the day. The alternator is capable of

supplying 600 amperes to the New Brunswick antenna, but its

full output of 200 kilowatts is not at present utilized, owing to

the lack of adequate power supply at that point. The alter-

nator, as installed at the New Brunswick station, is shown
in Fig. 1. It is capable of producing any wave length from

10,500 to 25,000 meters. Lower frequencies can be obtained

by running the alternator at reduced speed.

A high power radio station of the Alexanderson type con-

tains three important developments

:

(1) An alternator—which generates currents directly at the

161
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FIG. 2. ALTERNATOR WITH TOP HALF REMOVED FIG. 3. METHOD OF ASSEMBLING THE ARMATURE

frequencies which are required for the radio circuits

with which it is associated. The frequency of these

currents is solely dependent upon the number of field

poles on the machine, and upon the speed at which the

rotating member is driven. This is in distinct contrast

to certain other systems in which the radio frequency

currents are obtained indirectly by means of "reflector

circuits" or frequency raising transformers electrically

associated with the alternator.

(2) A magnetic amplifier—which provides a non-arcing con-

trol of the alternator output for radio telegraphy, and

is equally applicable to radio telephony.

(3) A multiple tuned antenna—a development which has

markedly reduced the wasteful resistance of the flat-

top antenna, and has therefore increased the transmitter

overall efficiency many fold.

The alternator is an inductor type of generator with a solid

steel rotor having several hundred slots milled radially on

each side of the rim. The slots are filled in with non-magnetic

material, with the object of reducing wind friction to a mini-

mum. The fillers are brazed into the disk in order that they

may withstand the centrifugal strain of rotation. The rotor

is designed for maximum mechanical strength by providing it

with a thin rim and a much thicker hub. With this construc-

tion the strain on the material due to centrifugal force is the

same from the shaft to the outer rim.

The rotor of the 200-kw. alternator (with half of the field

frame removed) is shown in Fig. 2. This also shows the col-

lars of the thrust bearings and a partial sectional view of the

main bearing housings.

An assembled 200-kw. alternator with its driving motor is

shown in Fig. 3. The alternator is driven by a 600-hp. induc-

tion motor of the wound-rotor type, which is operated from a

60-cycle, 2,300 volt, quarter-phase source of supply. The motor

is connected to the alternator through a double helical gear

(with a speed step-up ratio of 1:2.97), which operates in a

container partially filled with oil.

The main bearings and the thrust bearings of the alternator

are oil-lubricated by force feed at pressures varying from 5 to

15 pounds according to the demand on the bearing. During the

periods of stopping and starting, and in possible emergencies,

oil is supplied by a special motor-driven pump mounted on the

alternator base. AVhen the alternator is working under nor-

mal operating conditions, a separate pump geared to the main

driving shaft feeds the bearings, and the motor-driven pump

is automatically cut out of service. The oil-supply tank is

located in the base of the alternator, to which the oil returns

after being pumped through the bearings. The oil gage on

the main feed pipe is fitted with a signaling circuit to call the

attention of the operator in case the oil supply fails. The

main bearings of the alternator, which are self-aligning, are

also water-cooled by a series of copper pipes which run through

the bearings near to the friction surface. The armatures of the

alternator are also water-cooled from the same pumping source

by a series of parallel copper tubes cemented in the frame
alongside the laminations.

In order to avoid large losses through magnetic leakage, the

air gap between the rotor and the stator frame is maintained

at a spacing of 1 millimeter. It is important that the rotor be

kept accurately centered, for otherwise the armature coils

on one side of the rotor will become overloaded. This is ac-

complished by the use of specially designed thrust bearings

which are inter-connected by a set of equalizing levers with an

adjustable controlling leaf between them. These prevent the

possibility of binding between the thrusts, due to expansion of

the shaft from heating, and they also take up automatically

all slack in the bearings as they become worn. Any tendency

toward a change in the air gap is thus counteracted by the

action of the levers. The equalizers are in part, the heavy

vertical column shown at the end of the alternator in Fig. 4.

Should the air gap on either side tend to get smaller, the

pull of the field on that side would cause an excessive strain

on the thrust at that end and cause heating. This, however,

is prevented by the leverage system, which automatically cor-

rects this and holds the rotor in a central position at all times.

In regard to some of the electrical features of the alternator

it will be noted from Fig. 5 that the armature and field coils

are stationary, the requisite flux variations for the generation

of radio frequency currents being obtained from the slots cut

in the rotor. The diagram points out the fundamental con-

struction of the alternator and the general mode of winding

the armature. The rotor disk revolves between the two faces

of the field yokes. The direct current supplied to the field

coils produces a magnetic field flux which passes between the

field yoke faces and through the rotor as shown by the arrows.

The armature coils, which are placed in slots cut in the two

faces of the field frames, are shown in the sketch as tipped

away from the rotor, although in the actual machine the

spacing between the rotor and the frame is but 1 millimeter.

Two distinct armature windings are thus provided, one on each

side of the rotor. There is but one conductor in each slot

and two of. these slots make a complete loop, and comprise a

pole in the armature windings. One slot in the rotor is there-

fore provided for each loop in the winding. The armature

windings on each side of the rotor are divided into thirty-two

independent sections, the circuits of which are completed

through transformer primary coils as shown in Fig. 5. Each

primary consists of two turns with sixteen separate wires in

each turn. There is no direct connection between the indi-

vidual armature sections, but through the two-turn primaries,

they combine to act upon the secondary coils of the transform-

ers. It is obvious that with this division of armature circuits
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the potential on any armature coil (or on the corresponding

transformer primary) Is very low, and as such, it permits a

grounded or open-circull armature coil to be cut out of the

circuit and riie operation of the alternator to be continued

witli but a slight decrease in its output—an obvious ad-

vantage.

Wig, :: show- the laminated armature under assembly, which
is wound with 0.037 millimeter steel ribbon and afterward

machined Into shape.

A transformer is provided for the armature coils on either

side of the rotor. There are therefore two transformers, ami

they each contain the three coils l'„ S5 , Sj and P 2 , S , S 2 ,

shown in the fundamental station diagram Fig. (i. The pri-

mary of each transformer contains two turns of sixteen wires

each, as mentioned above. The intermediate eoil.s X., have

twelve turns on each transformer. The two intermediate coils

are connected in parallel, ami are shunted by the magnetic

amplifier. The coils S5 are also connected in series with the

secondary proper and the antenna system.

The secondary coils, which consist of seventy-four turns

on each transformer, are wound so that their high potential

ends are at the center, in order to provide a uniform potential

gradient. The two secondaries are connected in parallel and
their final terminals are in series with the antenna circuit.

More in detail, the low potential terminals of the intermediate

coils are connected to the ground, the other terminals of the

intermediate coils are connected to the low potential termi-

nals of the secondary coils, and the high potential terminals

of the secondary coils to the antenna loading coil. The inter-

mediate coils S3 are placed between the primary and secondary

of each transformer in order to obtain a close coupling with

the alternator.

The voltage at the terminals of the secondary winding of the

transformer when the alternator is operated at normal speed

is about 2,000. The normal output current is 100 amperes.

It is thus seen that the alternator is designed for a load

resistance of 20 ohms.

Since the antenna circuit is directly associated with the

alternator circuit, any change in the rotative speed of this

machine would throw the alternator circuit out of resonance

with the antenna circuit ; consequently it is easily seen that

the speed variation of a radio frequency alternator for sub-

stantially constant output must be held within very close

limits. The variable load imposed by telegraphic signaling

has a tendency to cause a variation of speed that must be
compensated for by some device which operates more critically

than any of the mechanical and electrical methods of speed

control devised for ordinary power use. The characteristics

of any satisfactory governor must be such that a small varia-

tion of speed will effect a maximum change in power input to

the device under conl nil. To accomplish this, some mechan-
ism must come into such a critical state at the speed to be

maintained, that a low percentage of change in speed causes

a high percentage of change in itself.

K can he shown that a change in speed of one-quarter of

one per ceni from that necessary to maintain resonance will

reduce the antenna current in a station utilizing the wave
length of New Brunswick—13,000 meters—to one-half its full

value. This clearly infers that the speed variation must be

much less than one-fourth of one per cent to maintain a

constant output at the alternator. As a matter of fact, a

regulation within one-tenth of one per cent is obtained by the

Alexariderson speed regulator.

The necessity for close speed regulation becomes equally

important when considered from the standpoint of the receiv-

ing station. With a modern receiving apparatus of low
decrement, a very slight change in the wave length of the in-

coming signal will materially decrease the received current. A
change of wave length or frequency is likewise detrimental

when reception is obtained by the heterodyne or beat principle,

for should the speed of the alternator vary markedly while

signaling, the beat note may vary to the degree that will

render it objectionable for ear reception. A variation, for

instance, of 50 cycles in the alternator will cause the beat

note at the receiver to vary 50 cycles, equivalent to a speed

variation of 0.23 per cent at the wave length of 13,600 meters.

FIG. 4. A 200-KILOWATT ALTERNATOR WITH HIGH FREQUENCY TRANSFORMER REMOVED
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A solution of the problem of speed regulation with a.c.

motor drive was found by Mr. Alexanderson in the use of a

resonance circuit, which is tuned to a frequency slightly

above the frequency to be maintained at the alternator. This

circuit is supplied with current from one of the armature

coils on the alternator. The current in this circuit increases

with alternator speed and, through the agency of a rectifier,

a d.c. component operates on a voltage regulator connected

in the circuit of the dynamo which supplies the saturation

current for a set of variable impedances in the two phases

of the motor supply circuit. The function of the regulator is

to prevent, within established limits, either an increase or

decrease of alternator speed. Additional compensation for

the load imposed when signalling is provided by a relay

which also operates through the d.c. control circuits to vary

the line impedances mentioned above.

The multiple tuned antenna may be said to establish a radi-

cal departure from the types of antenna? formerly used for

high-power radio transmission. The immediate object of the

multiple antenna is to reduce the wasteful resistance of the

long, low, flat-top aerials formerly used and to permit the

length of such aerials to be increased indefinitely for the use

of greater powers. In the

case of the New Brunswick

antenna, its resistance as a

flat-top aerial—3.7 ohms

—

was reduced by multiple

tuning to 0.5 ohm. The ra-

diation qualities of the fiat

top are not impaired by

multiple tuning as a series

of tests have shown that

with an equal number of

amperes in either type, the

same signal audibility is

obtained at a receiving sta-

tion, but there is an enor-

mous saving of power in the

case of the multiple antenna,

as will be pcesently pointed

out.

As shown in the station

diagram, Fig. 6, the multi-

ple antenna has, instead
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of the single ground wire usually employed, a num-
ber of ground leads which are brought down from the

flat top at equally spaced intervals, and connected to earth

through appropriate tuning coils.

The capacitive reactance of the flat top is thus neutralized

by inductive reactance at six points to earth, instead of but

one point as in the ordinary system. The inductive reactance

in each down lead is therefore made six times the capacitive

reactance at a given frequency. The multiple antenna is thus

the equivalent of six independent radiators, all in parallel

and resonant to ihe same wave length. Their joint wasteful

resistance obviously is much less than that of an antenna with

a single ground, and herein lies the saving of power which the

Alexanderson antenna brings about.

The relative power inputs required by both types of an-

tennae for the same value of antenna current will be seen from

the following illustration : To maintain 600 amperes in the

multiple-tuned antenna at New Brunswick, at a resistance

of y2 ohm, the power required is 6003 X 0-5. or ISO kw. To

maintain the same antenna current in a flat-top antenna with

resistance of 3.7 ohms requires 6002 X 3.7, or 1330 kw. The

economy of power secured in the case of the multiple-tuned

antenna is an important con-

sideration from the stand-

point of the cost of daily op-

eration.

Prior to the advent of the

Alexanderson antenna, theo-

ry and practice pointed to

the desirability of a very

high antenna structure for

long distance communication

at high powers, but as is

well known, the cost of erect-

ing an antenna increases

very rapidly with the effec-

tive height. The multiple-

tuned antenna, however,

permits the use of a less ex-

pensive antenna structure,

and gives the same signal

audibility at a given receiv-

ing station as a high antenna

of the old type with less

toa/MLF/vr
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DIAGRAM OF ANTENNA TO EARTH CONNECTIONS
OF THE MULTIPLE TUNED ANTENNA
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power. The example given above demonstrates quite conclu-

sively that the multiple antenna will provide the same antenna
current as the flat-top type antenna, but with only one-seventh

of the power.

EARTH SYSTEM

The earth-wire system at the New Brunswick station is a

combination of a buried metallic and a capacitive ground,.

Sixteen parallel copper conductors are laid underneath the

antenna and buried one foot in the ground. They extend the

entire length of the antenna and are spaced between lowers

somewhal as shown in Fig. 8. A network of wires and zinc

plates are also buried in the ground around the station. At
eaeli of the five tuning points outside the station, connection is

made from the antenna flat top to the sixteen underground

wires.

In order to secure equal distribution of current through the

buried ground conductors, equalizing coils are inserted be-

tween the tap on the down lead coil and the earth wires at

each of the five tuning points outside the station, as shown in

detail, Fig. 8. The function of the equalizing coils is to in-

crease the impedance of the wires near the center and hence

force current in the outside wires. Since the coils are wound
in opposite directions they add no appreciable inductive reac-

tance to the tuning circuits. In one instance, the use of these

coils reduced the multiple resistance of the antenna system

from 0.9 to 0.7 ohm.

A still better distribution of the earth currents at New
Brunswick was obtained by using a capacitive ground com-

monly known as a counterpoise, which is erected underm
the antenna and a few feel above the earth. A plan view
of the counterpoise is shown in Fig. 9. The capacitive ground
may be considered as a c bination of a tuned and a forced

oscillation circuit, and it has the effeel of drawing \hr cm
rent from the ground circuit more uniformly than with wires
lying on the ground or buried beneath the surface. In practice

the total current in the down lead may be distributed between
the Capacitive ground and the Wire ground In any desired

ratio. The effect of adding this unit to the system at New
Brunswick was to decrease the multiple antenna resistance

from 0.7 to 0.5 ohm. The capacitive ground may be divided

into separate units for each tuning down lead or the units

may be connected together as shown. A schematic diagram
of the connections between the flat top and Hie capacitive

and earth-wire grounds is shown in Fig. 7. The equivalent

Circuit is given at the righl of the drawing.

MAGNETIC AMPLIFIES

Telegraphic control of the large antenna currents involved

in high-power radio transmitters lias ever presented a difficult

problem. Particularly lias this been true when signalling at

high speeds. Rapid signalling obviously requires some device

that will not cause destructive arcs and will provide the de-

sired modulation of antenna power without taking upon itself

the burden of carrying the full power of the system during

the intervals between signalling,

The magnetic amplifier is a device which meets these ex-
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acting requirements, for it provides a non-arcing control with a
minimum current in the key circuit, and it takes within itself

only a small proportion of the total alternator output.

The magnetic amplifier in general may be described as a

variable impedance which is connected in shunt with the

external circuit of the radio frequency alternator. Its func-

tion is to reduce the voltage of the alternator and to detune

the antenna system when the sending key proper is open, and
to perform the opposite functions when it is closed. Thus
when the sending key is open the amplifier short-circuits the

alternator and detunes the antenna system, thereby reducing

the antenna current to a negligible figure. When it is closed

the output of the alternator is fed to the antenna system.

A general idea of the operation of the amplifier can be' ob-

tained from the fundamental circuit. Fig. 6, where it will be

noted that the radio frequency coils A and a control coil B
are mounted on a common iron structure and are so disposed

that the effect of the control coil upon the radio frequency

coils is obtained solely through the agency of flux variations

within the core. The impedance of the amplifier is dependent

upon the degree to which the iron core is saturated by the

control winding. The saturation in turn varies as the current

fed into the control circuit. When the control circuit is closed

the alternator is short circuited ; when it is open, the alter-

nator assumes normal voltage and its output flows into the

antenna system.

The magnetic amplifier has been employed in experimental

telegraphic signalling at speeds above 500 words per minute, at

which rates it functions without lag. It is equally applicable

as a modulator of antenna power in radio telephony, in which

case the control current of the amplifier is modulated at

speech frequencies by a bank of Pliotron (vacuum valve)

amplifiers, which in turn are controlled by an ordinary speech

microphone.

FUNDAMENTAL STATION CIRCUIT

The fundamental circuits of a typical Alexanderson alter-

nator station are shown in Fig. 6. Beginning at the left of the

drawing it is to be noted that a source of two-phase, 60-cycle

alternating current drives an induction motor M, having a

wound rotor, the circuits of which include a liquid rheostat

R3 . The motor is connected to the radio frequency alternator

through a helical step-up gear.

The alternator armature coils are indicated at A3 , A4 , the

field coils at F„ and the rotor at A2 . There are two sets of

armature coils one on each side of the rotor, which as already

mentioned, are divided into 32 sections on each side. The

windings on each side connect to the primaries of two trans-

formers shown at Pi, P 2 . The primary of each transformer

(see Fig. 5) contains two comnlete turns of 16 wires in each

turn, which carry the current developed in the 32 sections of

the armature coils on each side of the rotor. As can be seen

from the diagram, there is no direct electrical connection

between the armature circuits leading to the transformer

primary, but the individual primary circuits are disposed so

that their magnetic fields at any instant are in the same direc-

tion, that is, their fields combine to operate on the secondaries

Si, S2 . In addition to the primary and secondary coils, the

two transformers have intermediate coils S5 which are con-

nected in parallel and shunted by the magnetic amplifier

coils A. The coils S 5 are connected in series with the antenna

system, and are also closely coupled to the primary and

secondary.

The multiple tuned antenna, shown in the upper right hand

part of Fig. 6, is a long, low, horizontal aerial of the Marconi

type, from which are brought down leads to earth, which in-

clude the tuning inductances Li, L2 ,
L3 , L4 , L5 , Le . For any

given wave length the jomt inductive reactance of the down

lead circuits Li ... .'L, is made equal to the capacitive re-

actance of the entire flat top at the operating frequency or

wave length. The multiple antenna is therefore the equivalent

of six independent radiating systems resonant to the same

wave length, and for all practical purposes, the oscillating

currents in them flow in phase.

The magnetic amplifier, shown to the right of the diagram,

comprises the parallel-connected impedance coils A, which
are connected in series with the condenser G± and the trans-

former amplifier coils S 5 . B is the control coil, wound to in-

clude both branches of the windings A, which is fed with

direct current, regulated by the rheostat R6 . When the control

circuit is closed the impedance of the amplifier coils A
become a minimum ; when it is open the impedance is a maxi-

mum. In the former case the alternator is placed on short

circuit and the antenna is detuned ; in the latter case the

alternator assumes normal voltage and its output flows into

the antenna system. In practice the capacity of Ct is se-

lected to neutralize the inductance of windings A for some

value of current in the control coil.

The circuits of the speed regulator appear in the lower left

part of the drawing. Note is to be made first of the variable

impedances N and O in the motor supply line with their d.c.

control coils P G and the variable impedance coils S7 .

The extremely close speed regulation essential to alternator

operation is obtained from the resonance circuit Li , C 4 , P 3 ,

the coil L10 being one of the alternator armature coils. This

circuit is made resonant to a frequency slightly above the

normal frequency at which the alternator is to be operated and

the current developed therein acts inductively on the circuit

Su, E, M x—E being a rectifier. The latter rectifies the radio

frequency current and sends a d.c. component through Mi,

which acts with an increase of speed to decrease the voltage

held by the voltage regulator M2 Tj on the generator Ki. This

increases the impedance of the coils S 7 and therefore tends to

reduce the speed of the driving motor. As the speed now falls

the current in the resonant circuit falls off and likewise that

in the coil M x . This permits the voltage held by the voltage

regulator to increase, and therefore acts to reduce the motor

supply line impedance and thus increase the speed. A given

mean voltage is thus maintained in the control circuit by

generator Kj, which depends upon the magnitude of the control

current in 3ML.. This keeps the speed variation within exceed-

ingly close limits.

Additional compensation for the load imposed by signalling

is obtained by the relay T 2 , which shunts the resistance R 2

when the sending key is closed. This decreases the impedance

of N and O and increases the input to the motor by an amount

equal to that imposed by the load, without change of speed.

It therefore lightens the duty of the speed regulator proper,

making it responsible only for slight irregularities in the

power supply or for variations occasioned by the compensating

device. The same speed regulation can be obtained at other

alternator frequencies by tuning the resonance circuit to a

suitable frequency.

RECTIFIER FOR SMALL CURRENTS

At a meeting of the German Electrotechnical Association a

type of rectifier was described that is suited for supplying

very small currents of the order of 0.5 to 3.0 amperes. The

value of such an apparatus in the laboratory will be fully

appreciated.

The rectifier consists of a bulb containing a gas such as argon,

and provided with cathodes of metals that can be easily vola-

tilized, such as thallium, alloyed with heavy metals such as

mercury, cadmium, or lead. Cathodes of such alloys have the

property of maintaining a stable arc with far lower currents

than mercury cathodes. The apparatus is connected in a

manner similar to a mercury vapor rectifier, with the exception

of the starting gear, which in the argon rectifier is a vaccina

interrupter connected in parallel with one of the two circuits

of the rectifying tube.

The efficiency of tubes of 30 to 100 watts capacity is about

65 per cent.—Skaupy, Elelctrotechnische Zeitschrift, April 29,

1920. Abstracted by the Technical Review.



Limitations of High Vacuum*
Difficulties That Must Be Overcome in Approaching Conditions of an Ideal Condenser

By A. D. Bailey

THE question of high vacua has interested plant opera-
tors recently more on account of the efficient air re-

moval devices now being used. The tendency toward
the use of high vacuum condensing equipment has been con-
tinually to demand higher vacuum, with the idea that this

means great economy. Under ordinary conditions this is ad-
mittedly true, but the conditions under which greater vacua
could be obtained introduce a number of factors which may
more than offset any possible gain in economy.

It appears that a large number of plant operators have gone

PIG. 1.

to /v/+ /6 /s so ttztzersso^J*
LOAD IN THOUSANDS OF KILOWATTS

CURVES ILLUSTRATING SOME IDEAL CONDENSER
CONDITIONS WITH NO LEAKAGE OF AIR

on demanding higher vacuum under their present equipment
without regard to the difficulties to be overcome. Others have
maintained that there is a definite limit to the vacuum ob-
tainable beyond which it would not pay to go. The former
advance the usual theoretical reasons for higher vacuum, but
produce no actual data to substantiate the claims, which for
this reason are nothing more than professional opinions.
On the other hand, the claim that there is a definite limit

to economical vacuum has at least partial substantiation by
experiment on equipment as it is, but this does not necessarily
indicate the possibilities of a turbine-condenser equipment
designed originally for high vacuum. By high vacuum is

meant an approach to the conditions of an ideal condenser
working under average conditions as to temperature and ve-
locity of circulating water.

As no real data are available to show just what the limita-
tions of maximum economical vacuum are, the discussion herein
is, therefore, confined mostly to the difficulties and problems
that future developments must overcome in approaching the
conditions of an ideal condenser. It is ordinarily considered
that higher vacuum is a function of the condenser only, but,
as a matter of fact, it involves also the design of the turbine,
particularly the final expansion, tightness of turbine casing
and condenser, and the ability to remove highly rarefied air.

CiOOU PRACTICE IN CONDENSER OPERATION

For the purpose of illustration in this discussion, the con-
ditions of a two-pass surface condenser operating in connection
with a 30,000 kw. Curtis-Rateau turbine are used and shown
in Figs. 1 and 2. These conditions can be considered at the
present time to represent good practice, and the opportunities
for and chances of further development are as good with
other types of generating units, or possibly better.

One of the most important factors governing the maximum
vacuum possible is, of course, the amount of air to be removed
Condenser manufacturers claim that the amount of air to be
removed from a condenser is directly proportional to the steam
condensed. This may be true of a perfectly tight condenser
wherein all the air enters by entrapment with the feed water.
The experience of actual operation shows that a perfectly
tight condenser and exhaust casing is seldom found.
Referring to Fig. 1, it is shown by the curves of partial air

pressure and resistance to heat transfer that the amount of
air to be removed was not proportional to the steam con-
densed, but was actually more at low loads than at high loads.

This fact is an indirect indication that the air in the con-

denser was largely a matter of leakage rather than entrain-
ment with the feed water. Thus it can be seen that a con-

denser which is tight under all load and temperature condi-

*From Electrical World, June 19, 1920.

FIG. 2. CURVES SHOWING ACTUAL CONDENSER PERFORM-
ANCE UNDER WORKING CONDITIONS

tions offers opportunity of Increased vacuum. The vacuum
conditions of no air leakage or entrainment are shown in Fig.

1 for all load conditions. This is probably impossible of at-

tainment, but there is still a chance of improvement in this

respect.

A limiting factor of actual vaccum is the temperature of
the condensate, inasmuch as a vacuum greater than that corre-
sponding is impossible. It has been claimed that there were
high-vacuum possibilities in reducing the condensate temper-
ature, the limiting possibilities of which would be a mean
of the circulating water temperatures. Referring to Fig. 1,

167
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it may be noted that this hypothetical vacuum is greater than
that possible with an ideal condenser operating under the

conditions stated and is therefore impossible. Any gain in

economy resulting from increasing the vacuum by reducing
the condensate temperature would have to more than balance

that lost to the feed water temperature. A heat balance shows
only slight possibilities at high loads.

The most important limitations to high vacuum have to do
with the design of the turbine itself, which is designed for a

definite vacuum at its most economical load. The volume of

a pound of steam at 1 in. absolute pressure is 652 cu. ft. and
at 0.5 in. absolute pressure is about 1,260 cu. ft.—almost twice

the volume. On the present equipment this would mean a

corresponding increase in the exit velocity from the last row
of buckets, which means a large increase in the lost kinetic

energy which is in proportion to the square of the velocity,

Such incomplete data as are available show that, at low loads

of from 10,000 to 12,000 kw. (Fig. 2), there is an increase

in economy of about 3 to 3.5 per cent, while at higher loads

no increase is indicated over a range of 1 in. to 0.5 in. abso-

lue pressure. These percentages at 0.5 in. absolute pressure

were, however, assumed as actual conditions of 0.5 in. absolute
condenser pressure could not be obtained.

Turbine bucket designs require that the speed of the bucket
bear a proper relation to the steam velocity. If this relation'
is to be carried out under higher vacuum conditions, diffi-

culties of design in the last stage buckets nullify any possible
gain in economy. If buckets are made too long, the velocity
conditions at the tip on account of the flare would be such
that steam would flow through without doing any work. If

high steam velocities are used in the last stage it must neces-
sarily follow that a greater proportion of the work done must
be accomplished there, and this would mean less efficiency

than if designed for a lesser proportion of work.
It would then appear from the foregoing that there are limi-

tations to economical vacuum, but owing to the lack of com-
plete data pertinent to this question no exact limit for any
set of conditions can be stated at this time. It does not ap-

pear that the conditions of an ideal condenser, or vacua of

from 0.5 to 0.9 in. under the conditions as shown by Fig. 1,

are impossible of attainment, if increased economy is the gov-

erning factor.

Air Drive for Motor Cars*
The Helica, a Novel Type of Automobile Driven by an Airplane Propeller

WHEN we consider the method by which an ordinary

automobile is propelled we observe that in order to

overcome the resistance of the air it finds a point of

support upon the ground. If the resistance of the air could

be eliminated only 60 per cent as much horse-power would be

required to move the vehicle. Furthermore, we must add to

the power required for penetrating the air that which is ab-

sorbed by the various organs of transmission from vhe motor

to the wheel. For several years inventors have been trying

to modify the manner in which vehicles are propelled and
one of the first attempts along this line was the employment
of a propeller such as those used in airplanes and in dirigibles.

As a matter of fact this has been done with much success in

the cases of the hydroplane. Our readers may remember that

the Lambert hydroplane was used with success during the war
in Mesopotamia.

Air-screw propulsion can also be used successfully upon
sleds, where there is no friction between the vehicle and the

ground. Other efforts with screws and spurred wheels have

yielded rather barbarous mechanisms without a practical

amount of speed. The propeller with its simple mechanism is

readily applied to a light sled which slides easily upon the

ice finding the required point of support for the propulsion in

the very air which it penetrates. If we turn to traction

upon the ground it becomes evident that the aerial propeller

keyed directly upon the engine shaft makes it possible to get

rid of many of the delicate organs necessary in the construc-

tion of an ordinary car, such as speed gears, differentials,

cardan joints, clutches, etc.

The work done by a wheeled vehicle, at the mo-

ment of starting, directly estimated, attains 54 per cent at

most, whereas upon a rapidly moving vehicle driven by a

propeller 70 per cent can readily be obtained.

Some of our neighboring countries have been carefully

studying this question with the hope of using their stocks

of airplane motors to drive railway cars. ' All that is re-

quired is to install a motor and propeller at one end of the

car. The present scarcity of coal and the large number of

motors put out of commission by the armistice, make this a

very desirable solution, at any rate for the carrying of pas-

sengers upon lines where the traffic is light.

Still more interesting is the idea of applying such a pro-

peller to automobiles. To begin with the dead weight would

* Abstracted from La Nature (Paris), June 8, 1920.

thus be considerably lightened. Then, too, many delicately

constructed and expensive parts could be done away -with and,

finally, the car could be built in a rational form specially de-

signed for the purpose of penetrating the air. Such a pro-

peller-driven vehicle is no longer a mere dream. It actually

exists and has been tested with good results, and is being

manufactured.

The first model, which is illustrated herewith, made its

appearance, in fact, even before the war, but its inventor,

M. Leyat, desired to subject it to severe tests so as to make
sure of its effectiveness. The first type built actually went to

the front where it made trips necessarily rather rough in

character. This still exists and will one day make its reap-

pearance. It is not astonishing, therefore, that this new
kind of automobile has been rapidly gaining friends.

The motive mechanism consists of a V-type, two-cylinder,

air-cooled motor, developing eight horse-power. This motor
is directly connected with a four-bladed propeller placed in

front of the car. The diameter of this propeller which does

not exceed the width of the car is 1.40 m. It is surrounded

by a propeller guard. Thus we dispense with the clutch,

transmission and differential ; only the starter and the brakes

remain as indispensable apparatus for driving the car. The
body of the vehicle consists practically of the car alone, and

for this reason it can be built in the best possible form from

the point of view of aerodynamics, i. e. tapering toward the

rear, swelling out more at the front and without projecting

portions which might interfere with its sliding through the

air. Except, of course, the axles and wheels and the mud-
guards which have a horizontal generating surface, all other

parts are included in the body of the car. Absolutely the

only thing which projects outside is the head of the driver,

protected by a wind shield. In the first model, indeed, even

the driver was entirely enclosed in the car. The framework

of this car is composed of four principal longerons made of

wood, connected by the outer plating. These longerons act

like the ribs of an airplane, but the truss which they consti-

tute is established under very good conditions, since its

height is great with respect to its length. The entrance door

permits the driver and a passenger to take their places in two

seats arranged in tandem form ; these fold to permit passing.

At the rear are found a tool box, a place for luggage and a

gasoline tank.

Starting is effected by a cable which drives the shaft by
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passing over a pulley. The motor Is started from outside the

ear by means of the cable. The driver stands on the slop near

the door and has all the controls at hand. This system of

starting does away with the danger of a back Are and makes
it unnecessary to have the electric starter.

Leaf spring suspension Is provided at the Core part,

while al the rear a spiral spring is used. While in the

original car a single wheel was provided at the rear, in later

models two rear wheels are employed.

A very carefully studied point is that of the braking. The
principal brake is upon the fore wheels. It is a well-known

fact that when a rear brake alone is employed, as is uni-

versally done, it often causes dangerous skidding. In the

Hetica the fore wheels as well as the rear wheels are fitted

wiili drum brakes. When traveling at 35 km. ( 2'J. miles) per

hour, a sudden slop can he made within a distance of five

meters (16 ft.). When at rest and when stopping or starting

the motor the brake is applied to all four wheels, hut provi-

sion is made for forward braking alone under normal run-

ning conditions.

In the Helica car the braking of the forward wheels is of

the greatest simplicity, since these are neither motive nor
steering wheels. This detail is important by reason of the

fact that the braking of the forward wheels in an ordinarj

automobile is often dispensed with in spite of its evident

advantages, because of the complex structure required due to

the fact that the forward wheels act as steering wheels.

In spite of the low power

therefore, well suited for exhibiting the reliability of es

pansion apparatus.

••The precision easily attainable with stretched wire ex-

pansion apparatus is also well illustrated by the routine

practice of plotting to a large scale the deviations of individ-

ual measurements from the quadratic which host represents

an entire series. This Iliod is useful not only for adjusting

observations, bul also for locating transition regions with

precision, as can be seen by examining the deviation curves

published by Merica and Schad."

On page 459 the word "or" in line 15, under section en-

titled "Sources of Error" should have been "of." In the

tenth line the first coin of page 160 "as the expansion"

should have read "by 5/4 the expansion."

of the motor (only 8 hp. ), the

lightness and the rational

form of the car and the ab-

sence of mechanical trans-

missions, makes it possible

for it to attain a velocity of

more than 80 km. (50 miles)

per hour, though only con-

suming about 4 liters of gaso-

line to every 100 km. (60

miles per gallon) of distance.

The air currents produced by

the passage of the car are less

serious and less dust is

raised: furthermore, the

lightness and the absence of

motive wheels prevents any
wear of the road bed, and as we have said there is no
skidding to be feared. At starting the wind is imperceptible

for anyone outside the path of the vehicle. At the rear the

full strength of the velocity of the wind is less than 30 km.
per hour and this only when the starting is difficult.

The ease with which the machine is driven makes it an
admirable city car, while its velocity and low consumption of

fuel enable it to make long and rapid journeys. Finally, the

complete weight of the car is only 225 kg. (496 pounds) ; wheel
base, 2.95 m. (9 ft. 7 in.) ; tread, 3.40 m. (4 ft. 7 in.). In

the colonies especially, where roads are very imperfect, the

ordinary car often sticks fast in the sand and mud.
The Helica has no driving wheels, hence it does not make

ruts which inevitably occasion sinking into the ground. Thus
it can go over all sorts of ground without heavy wear and
tear upon pneumatic tires, and even if it should be mired it

is easy to set it free by reason of its light weight.

THE ORIGINAL HELICA, BUILT IN 1914

LIST OF ARTICLES ON THE COMPOSITION AND THE
NUTRITIVE VALUE OF CORN

CoEN forms such an important article of food for both men
anil the farm animals, and is also such an important agricul-

tural product in the United States, thai it is hardly sur-

prising to liini that a Large amount of study of iis composition

and of its value in nutrition has been reported in the scientific

journals from time to time. A bibliography of all such arti-

cles ami agricultural experiment station bulletins is very

s i to be issued by the National Research Council in the

form of a limited number of mil graph copies. The ma-

terial has been collected by

M. Helen Keith at the Illinois

• -
'

i' ultural Experiment Sta-

tion. This is nor only a Lisl

of the articles found, giving

their full titles and refer-

ences, lull includes also an ex-

tensive classification of the

references -bowing the spe-

cific subjects studied. This

enables one to turn readily

to all of the work bearing on

any particular phase of tee

whole subject. Stockmen and
food and nutrition workers

generally will welcome this

aid to their study which may
lie obtained by applying to the

1201 Sixteenth Street., Washing-National Research Council,

ton, D. C.

MEASURING THERMAL EXPANSIONS
In the Scientific American Monthly of May, 1920, pp.

457-460 we published an article entitled "Measuring Thermal
Expansions" by Arthur W. Gray describing the stretched wire
dilatometer. As our copy was defective a paragraph was
omitted and there were two typographical errors to which
the author has called our attention. The matter immediately
preceding the first subtitle on page 458 should read

:

"Molybdenum repeats better than most substances, and is

CELLULOID WITHOUT CAMPHOR
In the May issue of Chemical Age. page 153, is an article

dealing with the latest step in the manufacture of celluloid,

which is the perfection and commercial application of a method
for making celluloid without the use of camphor in any form.

It will be recalled that celluloid was found in a search for

a substitute for ivory to be used in billiard balls.

The principal objection, besides inflammability, has been to

the odor and taste of celluloid, which is due to the camphor or

camphor substitutes. This taste and odor is found whether
refined natural camphor is used or the synthetic material in

the manufacture of which turpentine is the starting point.

By eliminating camphor it is stated that the inflammability of

celluloid is reduced by from 50 to SO per cent, resulting in a

slow burning, rather than a highly inflammable, compound.
The new compound has neither taste nor odor, and while the

process has not been cheapened thus far, it is expected that

this desired end can be achieved with the further development

of the process. The new celluloid has the same degree of

pliability and, in general, the same physical characteristics as

the older form. It has a higher degree of transparency. The
new material, as yet, has not been made adaptable to all the

uses for which celluloid is favored, but it is expected that the

necessary improvements can be made in the product.



Aerial Lighthouses
Difference Between Requirements of Marine and Aerial Navigation

THE provision of lighthouses for assisting aerial navi-

gation at night presents several important points of

difference from the conditions to be fulfilled in provid-

ing lighthouses for marine navigation. It is clear, for in-

stance, that while the marine light has to be visible for more
or less constant height above the sea level, the aerial light

has to be visible from a machine which may be flying at any
altitude lying between wide limits, and should be capable

of being seen from a point directly over it. In view of the

increased elevation from which the aerial light is seen the

candle-power of the installation has to be made, or should

be made, considerably greater than in a marine lighthouse

fulfilling a corresponding function. Thus a light placed 150

feet above the sea level would, mist and fog being absent,

first appear above the horizon to an observer stationed 55

feet above the sea when his ship reached a point 22% miles

from the light. To a pilot of an aeroplane flying at a height

of only 2,000 feet above the sea the same light would be-

come visible at a range of 65 miles, so that if the light is to

appear with the same brightness to both observers when it is

first picked up the aerial lamp ought to have a candle-power

nearly nine times as great as the lamp in the marine light-

house.

Granted the possibility of constructing a suitable light-

house for aerial navigation, the question of where it should

be placed demands special consideration. As in marine work,

the aerial lighthouses required are of two broad kinds, namely,

"land-fall" lights, such as the Eddystone, the Lizard, and

the Fastnet lights, and local lights corresponding to the marine

lights, whereby a ship's course is guided along the coast. It

*From the Engineer (London) May 14, 1920.

is evident that the aerial "land-fall" lights should not be
placed so that there is the least chance of their clashing

with or being mistaken for the corresponding marine lights.

To avoid such clashing it would appear desirable, where pos-

sible, to combine the marine and aerial lights in the same
house. As regards the local lights required to guide aircraft

from point to point overland to their objective, some difficulty

may arise from the fact that a light is sometimes much less

visible over land than over sea, particularly in flat country,

where ground mists and local fogs are of frequent occurrence.

A less important source of possible trouble lies in the fact

that local aerial lights may possibly be mistaken for lights

in a town or vice versa unless the route and the aerodome
lie well away from populated centers. During the war the

lighting restrictions incidentally obviated this difficulty and

permitted the use of a type of low-power local light, which

today would be relatively of very little use.

Lighthouses for marine purposes have passed through many
stages in the course of their evolution. Today lights equipped

with parabolic metal reflectors are almost obsolete, and in

their stead we find the beam concentrated and directed by

means of glass optical apparatus. Of these modern lights

there are, broadly speaking, two general forms, namely,

the "fixed section" type and the "flashing" or "revolving sec-

tion" type. In the fixed section type the illuminant is fre-

quently acetylene. The optical apparatus in this form is

arranged to concentrate and deflect only the vertical compo-

nents of the rays of light coming from the burner. The

occultation of the light, if required, is effected by means of a

device which alternately lights and extinguishes the burner,

the optical portion of the light not being arranged to revolve.

FIG. 1. COMBINED AERIAL AND MARINE LIGHT FIG. 2. AERIAL LIGHT ADDED TO MARINE LIGHT

170



OCTOB] u, 1920 SCIENTIFIC AMERICAN MONTHLY 171

The length of flash obtainable with this form of light is prac-

tically unrestricted, but the candle-power is perforce low. The

general design of the light readily permits it to be run with-

out attendance. In the revolving section form of light, on

the other hand, the burner, frequently of the incandescent type

supplied with oil gas or petroleum vapor, is surrounded by

several built-up lenses, each of which concentrates both the

vertical and horizontal components of the light rays coming

from the burner and directs them as a substantially parallel

beam towards the horizon. The lens system is mounted on

a pedestal and is rotated so that at a distance an observer

on a ship sees the light as a series of flashes, the frequency

of which depends upon the speed with which the optical sys-

tem is rotated and the number of lenses which it contains.

In general, the duration of the flash given is now fairly well

standardized at 0.2 sec. If necessary, this period could pos-

sibly be increased to about one second, but if it had to be

made longer the frequency of the flashing would have to be

reduced. Up to a certain size revolving section lights can

be arranged to be operated without regular attendance, but

for very powerful lights the presence of a keeper is desirable.

The candle-power obtainable with revolving section lights

is very much greater than that from fixed section lights. As

a consequence of this fact we find all important lighthouses

equipped with apparatus of the revolving section form, the

fixed section type being commonly used in minor positions.

It follows, therefore, that for aerial lighthouses corresponding

to marine land-fall lights the revolving section form would

naturally suggest itself, while for local lights required to guide

aircraft to their objective fixed section lighthouses might be

used.

In Fig. 1 is shown the arrangement of a combined mari-

time and aerial light for use at important stations. The lan-

tern consists of a pedestal of cast iron plates, on top of which

is fixed a framing of steel standards and gun-metal astragals,

the sides and dome being glazed with three-eighths in. pol-

ished plate glass. The opitcal apparatus inside the lantern

revolves on mercury and is rotated by clockwork mechanism

driven by a falling weight. The lower portion of the optical

apparatus consists of four panels of refracting and reflecting

prisms of 90 deg. angle, which deliver the light as a horizontal

beam. The burner is of the standard type used in light-

houses, burning vaporized petroleum, and has a mantle 110

mm. in diameter, giving an intensity of 3,500 British standard

candles. The upper or aerial portion of the optical apparatus

comprises four panels of refractors and reflectors, throwing

a beam a few degrees above the horizontal, and, above these

panels, reversed fixed section refractors and reflectors throw-

ing a beam extending from a few degrees below the horizontal

to within a few degrees of the vertical. The aerial portion is

lit by an incandescent oil burner of the same size and type

as that used in the maritime portion. The total floating

weight of the combined apparatus is about 4% tons.

The design illustrated in Fig. 2 represents the addition of

an aerial light to an existing maritime light. The lower por-

tion is a modern maritime apparatus. The roof of the lan-

tern has, however, been altered to take the lantern of the

aerial light. Ventilation for the marine light is provided

at the junction of the two lanterns. The upper portion of the

aerial optical apparatus consists of fixed section lenses placed

horizontally, and illuminates an angle extending from a few

degrees below the horizontal to a few degrees from the ver-

tical. The lower portion of I he same apparatus emits a very

strong beam, the axis of \vhi< h is about 4 or 5 deg. above the

horizontal, with the lowest Jivergent ray just horizontal. This

beam could be seen by an airman at an altitude of about 10,000

feet when 22 miles distant from the lighthouse. The general

details of the clockwork revolving mechanism follow modern
practice. The aerial light is revolved by the same mechanism

as the marine light, so that the flashes of the two portions

may synchronize and thus avoid possibility of confusion to

mariners.

MOTOR GASOLINE FROM HEAVIER HYDRO-CARBONS
Pkof. F. W. Padgett of the University of Oklahoma has pre-

pared a very convenient and valuable summary of the pro-

cesses involved in the preparation of motor gasoline from

heavier hydro-carbons by cracking processes which comprises

a useful set of data for reference purposes. This appears in

l be July number of Mechanical Engineering, the journal of the

American Society of Mechanical Engineers.

The commercial processes for the production of gasoline

from the heavier hydro-carbons are classified under the pres-

sure still or two-phase cracking system, the pipe still, gen-

erally known as the single-phase cracking system, the use

of catalytic agents at atmospheric pressure, combinations and
modifications of two or more of these methods, and processes

involving principles not included under these headings, but

involving somewhat similar apparatus .or the use of pressures.

As the author points out, the last eight years has seen

numerous patents granted, involving almost every conceivable

form of apparatus designed to secure hydro-carbons within a

gasoline range from hydro-carbons having a higher boiling

point. Some have the object of producing a gasoline com-
parable with what may be termed the natural product; others

are along radically new lines, and still others aim to avoid

the deposition of coke in the cracking process.

The article presents in interesting fashion details with ref-

erence to such familiar processes as the Burton, the Green-.

street, Hall and Rittman processes, pointing out their funda-

mental differences and the principles upon which they operate.

The aluminum chloride process of McAfee is outlined. In this

the oil is heated and stirred in a still in the presence of

anhydrous aluminum chloride or other anhydrous salt of

aluminum. Before treatment the oil must be freed from water

and a quantity of catalyst equal to a maximum of eight per

cent by weight of the charge is added before distillation is

begun. The fractionating tow7ers are interposed between the

still and the condenser, so that the higher boiling vapors may
be returned to the still along with aluminum chloride which

has been vaporized and carried out. The distillation is contin-

ued slowly at a temperature of about 500 to 550°F. over a

period of from 24 to 48 hours, the method yielding 15 per cent

or more of gasoline from residual oils.

The author concludes his presentation with a discussion of

the composition and refining of distillates obtained by the

cracking of higher hydro-carbons, and reference to certain

experiments undertaken by him to determine the practical

refining conditions for cracked distillates so far as color,

odor and stability are concerned. Constants upon unrefined

pressure gasoline distillate and the natural gasoline distillate,

both in the same crude petroleum, have been determined, and
it has also been found that the best results, so far as color

and odor are concerned, are secured by direct treatment of the

pressure still gasoline with concentrated sulphuric acid at the

freezing point followed by redistillation. The work involved

in this careful comparative study has just begun and may be

expected to yield a series of interesting results.

THE LONGEST FERRY LINE IN THE WORLD
A new ferry line, the greatest and longest in the world, is

planned to run between England and Sweden. It is said that

the Swedish governmental system of railroads has already

carefully worked out the details of this project. A tremen-

dous ferry boat with a length of almost 12 meters and with

engines furnishing about 12,000 hp. is to travel daily between

Sweden and England, bearing upon its huge decks freight

trains 48 cars in length. Besides this there will be provisions

for taking travelers from the first to the fourth class, together

with dining rooms, promenades, and other agreeable features.

The journey requires about 33 hours. After arriving on terra

firma the freight train at once proceeds upon the English or

Swedish tracks as the case may be. It is obvious that a tre-

mendous saving both in time and in labor can be thus ac-

complished.



orina with a Camera
Searching for German Traps in the Lens Coal Mines

THE deep treachery of the Germans is still bearing deadly fruit in the

regions of France and Belgium that they occupied during the war.

Aiming at commercial supremacy the Germans made first for the

iron and coal centers of their enemies. When they were finally forced to re-

treat from the coal regions of Lens the Teutons realized that they must give

up a rich prize which could not be carried along with them, and following their

usual policy in such circumstances they proceeded to wreck the mines. Had
they merely punctured the lining of the shafts and let the water from the

overlying strata run in and flood the mines they would have made the mines

useless to the Allies for many months to come. That would have been sufficient

to serve all military purposes ; for the German generals knew that they could

not continue the struggle much longer and the Allies could not have put the

mines into shape for use before the termination of hostilities. However it

was not merely the opposing armies that the Germans were aiming at but the

peace-time industries of France, and so they undertook to make the task of

reclaiming the mines so difficult that they would be practically useless long

after the termination of the war. Not only were the mine shafts punctured but

traps were cunningly laid to blow up the divers who would be sent down to

make repairs. There were several serious accidents when reconstruction work

at the mines was first started, and repairs had to be suspended until some

method of locating the death traps could be found.

The final solution of this knotty problem is pictured in the accompanying
engravings. The French Government decided that it would be expedient to

explore the mineshafts with the photographic eye of the camera before risking

the lives of divers in these perilous shafts. The problem was complicated by

the fact that the camera would have to take its pictures under water. How-
ever submarine photography is not a new art and it was merely necessary to

design a special photographic outfit to meet the peculiar requirements of the

Lens district.

A commission for such an outfit was given to Messrs. Siebe, Gorman and

Co., the well-known submarine engineers of London, and they built the appa-

ratus that is depicted on the opposite page. The apparatus had to carry its own
lighting equipment to provide adequate illumination of the walls that were

to be photographed and also a set of cameras that would make photograph

records of every part of the mine shaft.

The diver alongside the apparatus in the photograph gives some idea of the

huge dimensions of the outfit. It weighs complete about 1,700 pounds and

measures over all 3 ft. 4 in. by 3 ft. 4 in. by 4 ft. 9 in. high. It is composed

of three main gun-metal castings bolted together. The cameras are located

in the middle section while the lamps are situated in the upper and the lower

castings. Each of the latter castings is divided into four water-tight chambers

and each chamber contains a mercury vapor lamp. The lamps are of 3,000

candle-power giving therefore a total light of 24,000 candle-power. The middle

casting is partitioned off to form eight chambers; four larger ones in which

the lamp resistances are located and four smaller chambers in which the
j

cameras are placed.

The mercury vapor lamps are of the quartz tube type and each has an

over-all length of nine inches. They are operated in parallel on a direct cur-

rent supply of 200 volts with a current consumption of 3y2 amperes. The

lamps are tilted to start them by means of special levers actuated by rods on

the outside of the chamber.

The cameras employed in the apparatus are of a special box type. Because

of the narrow quarters in which they are to operate they are fitted with very

wide angle lenses. The shutters are controlled by means of electricity.
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With this huge photographic apparatus the Lining of flooded

shafts will be thoroughlj explored. The photographs

will be pieced together and examined minutely Cor ans si

of German treachery. If any traps, are Located or any suspi-

hjects discovered thej will be blown up. The exact

01 ition and character of breaks will be determined

\\ • are Indebted to the Illustrated London Vews (June 26,

1920) for Hie accompanying illustrations and for the details

or iii,' description given above.
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AMMONIA LEAKS IN REFRIGERATING PLANTS
By B. E. Hill

TESTING for ammonia leaks is an important pari >•!' an

engineer's duly. There an' two principal places to test,

ieing in a submerged tank, where, if there is a leak-

in the coils, water cooler or any liquid, the ammonia will be ab-

sorbed. If the liquid

eat volume

there will be a con-

siderable quantity of

nia taken up

before tbe engineer

or attendant can de-

he odor.

To rest the brine

ier liquid for a

leak, get a sample of

brine in a drinking

glass and put in a

drop or two of the

phenolphthalein. If

there is the least

trace of ammonia,

tbe phenolphthalein

will cause the brine

sample to turn a

faint pink, and if

there is enough am-

monia to lie detected

slightly by smell, tbe

sample will turn a

deep red.

The next test is

for leaks in the open

air. and as the sul-

phur stick is the

most popular, effec-

tive and practical,

we will consider

where it can be used

and where not.

To prepare the

sulphur stick melt

five or ten pounds of

either powdered or

lump sulphur in a

ladle with a very slow fire. A slow fire is necessary as the

sulphur fires at a low temperature and. if too hot, will be-

come lumpy and thick and will run off and drip when used.

When the sulphur is at the right temperature it will be thin

like water. Now the sticks should be prepared by splitting up

a hundred or so pine strips, cardboard or other material and
dipping both ends in the sulphur, which quickly cools : the

sticks are now ready for use. To apply the sticks, take a

handful and light one, and before one burns out another can

be lighted from the one in use.

Any coil that has just been erected or overhauled should

first be tested with air pressure, after which the joints should

be brushed with soapy water. After all leaks found in this

way have been stopped, pump out the air until the vacuum
gage shows as high a vacuum as can be had. If it is found

that the air is still discharging through the discharge bypass,

keep on pumping nil the air is hardly perceptible. This extra

precaution Is 1 taken to make sure thai the air is as nearly

all oul as can be pumped with Hie machine; also, then

always a chance thai the vacuum gage may nol be correct.

After the air has been pumped "in the ammonia should be

charged Into the coil al once and the final tesl made witb (lie

burning sulphur held under and over all joints and connections.

If there is a leak al all. it will be shown by a gray smoke
wherever the sulphur ami ammonia fumes come together. The
sulphur fumes are as effective in showing a leak in the open air

as the phenolphthalein is I'm- showing one in tbe brine tank;

as. fur example, where there is a leak in a thread or joint

thai is so small thai it will nol he noticed with the soap

bubbles and is difficult i" detect by smell after the leak is

found, the sulphur will mark tbe leak by leaving a small

yellowish while spot, even though the leak is no larger than

a pin point.

Mercury-
Vapour

Lamps jje

SUBAQUEOUS PHOTOGRAPHING APPA
COAL MIXES OF T

Leaks on return

bends of atmospheric

condensers, where
the condensing water

is flowing over the

part that is leaking,

will cause the solids

in the water to accu-

mulate to a consider-

able extent, which

deposit will be of a

whitish color. Leaks

in water jackets on

the compressor, if of

any extent, will clar-

ify the water, and if

the fingers are dipped

in it and rubbed to-

gether they will feel

soapy. In this case

the leak can easily

be detected by smell.

In a room, where

the timbers or build-

ing materials of any

kind are damp from

moisture, the sulphur

stick is almost use-

less, as the moisture

will take up the am-

monia gas and the

sulphur will some-

times "smoke up"

the whole room and

show smoke on a post

or the wall where

there is no leak. In

such cases is is some-

times necessary to

pump the coil down to about atmosphere on the gage and

open the room so that, a circulation of air will drive the am-
monia out of the room before the leak can be found.—Reprinted

from Power, June 15, 1920.

RATTJS BUILT FOB
HE LENS DISTRICT

EXPLORING THE

MIXING IX GERMAX SOUTH-WEST AFRICA
Copper ranks next to diamonds in the minerals of the Pro-

tectorate of South-West Africa, and, unlike diamonds, it seems

to be establishing itself as an increasingly productive indus-

try. The chief deposits are in the dolomite rocks of the

Otavi district, which is connected with Swakopmund by rail.

About a quarter of the line is of Cape gage, the remainder of

a 2-foot gage. Other copper areas are Khan and Ida in the

Swakopmund, and Sinclair in the Luduitzbueht districts. In

1913 the exports of copper and copper ore were valued at

£396,000.—Ind ia n Engineering, April 3, 1920.
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INSTITUTE FOR PLANT PROTECTION
By H. H. Whetzel,

Professor of Plant Pathology, New York State

College of Agriculture at Cornell University,

Ithaca, New York.

THE need for conserving human and

animal life by developing methods of

protection from diseases and pests is

now generally recognized and institutes, hos-

pitals and organizations innumerable are

supported by both governmental and private

funds for this purpose. It is much less gen-

erally understood, in fact scarcely realized

by the great mass of people that the pro-

tection of plants from pests and diseases is

equally, if not more important, than the like

protection of man and animal ; that the very

existence of human and animal life depends

upon adequate plant production. Plants

constitute the raw materials for all food

and clothing and much of our shelter—the

three fundamental requirements of living.

Conservation and increase of human and animal population

require, in fact demand, conservation of plants.

The most serious leaks in crop production today are those

occasioned by diseases and pests. No plant that grows, be it

wild or cultivated, is without its peculiar diseases and insect

pests. Cultivated plants, because of the conditions under

which they are grown, suffer especially. Often these diseases

and pests bring national catastrophe. Ireland suffered a terri-

ble famine in 1845 through the destruction of her potato crop

by blight, and this disease still wipes out literally millions of

bushels of potatoes every year.

The chestnut blight starting on Long Island in 1906 and
sweeping westward destroyed or doomed all our chestnut

timber. The white pine blister rust threatens our greatest

timber crop. The gypsy moth and the brown tail moth de-

vastate great areas of New England forests and orchards

each year and the States and Federal Government spend

annually hundreds of thousands of dollars in attempts to

stay their progress. The European corn borer has established

itself within our borders and threatens one of our most im-

portant staple crops with terrible destruction. But the con-

stant and usual drain upon our plant resources by endemic

pathogenes is even more alarming. For every two sweet

potatoes we buy, we pay for a third one destroyed by disease

in field or storage house. Every time we purchase six cotton

shirts we pay for a seventh lost to disease in the cotton fields

of the South. We complain of war taxes, but do not even

know of the immensely more useless and enormous plant dis-

ease tax which we daily meet and pay as a matter of course.

Consider our chief bread crop, wheat. In 1918 we har-

vested over nine hundred million bushels, but lost to five

diseases alone over thirty-three million bushels, approximately

one bushel out of every thirty. Everybody eats potatoes.

They are one of our chief staple foods. Yet last season we
lost through diseases in this crop one bushel to every five

saved. Think of it, one-sixth of our crop! A like proportion

of our beans perished. For every two bushels of tomatoes

harvested another bushel was left in the field a victim of

disease, adding a third to the cost of tomatoes to the consumer.

But in addition many tomatoes perished from disease in

transportation and in the markets. It is safe to say that

The National Re-
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operative organization
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lished under the aus-
pices of the National
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ed representatives of
the major scientific and
technical societies of
the country. Its pur-
poses are the promotion
of scientific research
and of the application
and dissemination of
scientific knowledge for
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tional strength and well-

being.

nearly another third thus fell by the way-

side. In other words, the consumer paid

double what he should for every bushel of

tomatoes he purchased and no one profited

thereby, not even the much blamed middle-

man. Do you eat apples? Then contem-

plate the fact that one in every ten of the

1918 crop was taken as toll to disease, not

to count those that were destroyed by bugs

and worms.
What an enormous tax upon our food re-

sources each year ! And the consumer
alone foots the bill. Farmers as a class do

not lose, for what one farmer loses another

gains in increased prices.

Upon three classes of our people lies the

direct responsibility for preventing these

losses, the farmer, the manufacturer of ma-

terials and apparatus, and the scientific

workers in plant pathology and entomology.

But effective work on their part demands the

intelligent interest and financial support of

the great consuming public. The farmer is rapidly realizing

his responsibility in the matter and is prepared to do his

part if only the requisite knowledge of methods to combat

the insects and disease-producing organisms is forthcoming,

and effective materials and machinery are made available at

a reasonable cost. Plant pathologists and entomologists in ex-

periment stations and colleges of agriculture are working

earnestly to meet their obligations in the matter. Manufac-

turers are working feverishly in the production of poisons,

sprays and machinery to meet the increasing demands and

the new problems that press upon them. Prior to the great

war the plant pathologists and the entomologists in the several

States and the Federal Departments worked more or less

independently on their problems. The manufacturers, influ-

enced largely by the stress of competition, worked chiefly each

to himself.

Daily during the war, the need for team work among these

workers was emphasized. The plant pathologists organized

their War Emergency Board to correlate and coordinate

their efforts in the solution of pressing problems in plant dis-

ease control. In a single year they accomplished on certain

problems what it would have taken years to do under the

old regime of individual effort. The entomologists effected

a similar cooperative procedure. The manufacturers felt the

pressure for cooperative undertaking and began to seek ways

and means of accomplishing it.

This feeling of the necessity for united attack upon the

problems of disease and insect control has recently crystallized

in an initial effort to bring together scientific workers and

manufacturers in a real cooperative undertaking. With the

advice and assistance of the National Research Council repre-

sentatives of the plant pathologists, economic entomolo^Nis.

and manufacturers were brought together at Rochester, N. Y..

on June 23, 1920, and preliminary steps were taken for the

organization of a National Plant Protection Institute. The

purpose of this proposed institute is to promote the general

welfare by supporting and directing scientific research on

the diseases and pests of crops, shade and forest trees, and

ornamental plants and on the methods of their control. Also

by furthering cooperation between scientific investigators and

the manufacturers of chemicals and appliances, and to bring
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about standardization and economy in the production and use

of means for combatting diseases and pests.

A tentative plan of organization was agreed upon. A com-

mittee on permanent organization was appointed, consisting

of two plant pathologists, two entomologists and four manu-
facturers. Mr. G. R. Cushman, of the General Chemical Com-

pany of New York, is chairman. This committee, working with

the division of Research Extension of the National Research

Council, is to prepare a complete draft of the articles of

association to be presented some time this autumn to a general

meeting on organization representatives of all the commercial

manufacturers, the American Phytopathological Society, and

the Association of Economic Entomologists.

It is proposed to have two classes of membership in this

association: scientific and industrial. Scientflc membership

to be open to members of the two above-named scientific

societies and such other persons as the board of trustees may
elect ; industrial membership to be open to all firms manu-

facturing fungicides, insecticides or related materials and

apparatus for applying the same. The board of trustees is

to consist of eleven members, three to be chosen by the

American Phytopathological Society, three by the American
Association of Economic Entomologists and five to be chosen by

the manufacturers. It is planned that the board of trustees

may be enlarged, provided always that the majority shall be

from the scientific membership.

A director, together with such staff as may be required, is

to be employed by the Board of Trustees, the director to be

responsible for the scientific work of the organization.

The scientific membership is to be responsible for conduct-

ing the scientific work and the industrial membership for the

financial support required. All levies of funds for investiga-

tional work must have the approval of the Board of Trustees

and a majority of the industrial members concerned.

Any member of the institute may suggest problems for in-

vestigation to the Board of Trustees, who shall determine

what program of work is to be undertaken. The results of

work supported by the industrial membership at large is to

be available through publication to all members of the insti-

tute. Special investigations may be conducted for any one

for his sole benefit at cost upon approval of the Board.

This new institute is to be a distinctly cooperative under-

taking. Its very success depends upon effective cooperation

and coordination among the three distinct groups of workers.

The successful consummation of this organization and the

establishment of a working institute of this type will represent

real progress in cooperative public service between scientific-

professionals and industry.

Notes on Science in America
Abstracts of Current Literature

Prepared by Edward Gleason Spaulding, Professor of Philosophy, Princeton University

WEATHER FORECASTS BY SOLAR RADIATION
OBSERVATIONS.

In the Journal of the Washington Academy of Sciences for

April 19, Mr. C. F. Abbot of the Smithsonian Institution gives

an account of solar radiation observations that have been em-

ployed for more than a year now by Mr. H. H. Clayton of the

Meteorological Service of Argentina, as a means of making
weather forecasts. Mr. Clayton has maintained for years

an impartial quantitative methematical record of both the

success and failure of the Argentine official weather forecasts,

and states that this record showed marked and considerable

gain in forecasting from the time of the introduction of this

new element.

This new departure rests on the fact that our sun is a

variable star. This result was reached by the Smithsonian

Institution in its investigations of the intensity of solar radi-

ation. For nearly 15 years the Smithsonian Astrophysical

Observatory has maintained a solar radiation observing sta-

tion at Mount Wilson, California. This station is usually oc-

cupied from May to November. Its main investigation com-

prises spectrobolometric determinations of the so-called "solar

constant of radiation" after the general method of Langley.

Early results indicated that this quantity is not really a

constant, but varies over a range of several per cent, both

from year to year and in short irregular period of days or

weeks. Confirmation of these results has been secured in

many ways, so that now there remains but one possible ex-

planation of the phenomenon other than that the sun itself

varies in its emission by several per cent from time to time.

This alternative possibility is that atmospheric changes occur

simultaneously over the whole earth which lead to variable

erroneous determinations of the so-called "solar constant,"

and that the errors thus produced are nearly equal and intro-

duce apparent variations in the same sense, however far

apart the two simultaneously observing stations may be. Mr.

Abbot believes it is easier to admit that the sun itself is

variable as supposed. Other irregularly variable stars are

numerous. There is no reason why the sun, too, may not be

variable. One of the most convincing proofs of the essential

soundness of the measurements which indicate solar varia-

bility comes from Clayton's investigations of terrestrial tem-

peratures.

Clayton found that coefficients of correlation ranging from

-f- 0.54 to — 0.50 occurred as between solar and temperature

changes. His studies covered not only the day of the solar

observation itself, but the five days next following. He found

that the largest temperature effects occurred generally from
the third to the fifth day after the solar event.

These early results of Clayton's seemed so interesting and
promising that the Smithsonian Institution established a new
splar radiation observing station at Calama, Chile. In the

meantime, Mr. Clayton and his colleagues in Argentina have

diligently continued their computations on the terrestrial

effects produced by solar variations. The results they reached,

up to June, 1919, have just been published by the Smithsonian

Institution.

Clayton carries on the study of what happens after a change

in solar radiation for many days, sometimes even 40 days

after the event. This leads to the surprising result that the

largest effects come not three days, but even 10 days and 17

days after. Perhaps equally or more important in Argentina,

where there is hardly adequate rainfall, are Clayton's results

on the dependence of precipitation on solar radiation, if con-

firmed. He finds that heavy rains are apt to occur from three

to five days after large decreases of the solar radiation. At

times of nearly stationary solar intensities, there seems to

be practically no precipitation. In a few instances precipi-

tation follows large increases of radiation. But almost uni-

versally great decreases of solar radiation are followed in

from three to five days by heavy precipitation. Such informa-

tion is of great value for vineyard growers and agriculturists

in other lines if it proves to be well founded.

In December, 1918, Clayton began to employ the results

furnished by the Smithsonian observers at Calama, Chile,

for actual forecasting. Fully convinced of the value of such

data, Prof. C. C. Wiggins, Chief of the Argentina Weather

Service, arranged for a daily telegraphic service from Calama

to Buenos Aires and Messrs. Moore and Abbot the Smith-
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soman observers at Calama, completely reduced the "solar

constant" value ou each day of observation. They send a code

telegram from Calama via Antofagasta and Valparaiso, Chile,

to Buenos Aires on the evening of each observing day. This

states the intensity of solar radiation outside our atmosphere,

and the quality of the determination. The value is available

in Buenos Aires for the forecasting on the following morning,

within 24 hours of the time of observation.

During his visit to Calama in June, 1919, with the coopera-

tion of the observer there, Mr. Abbot was able to perfect a

new empirical method of "solar constant" determination, based

upon data obtained by Langley's methods. The new method
of "solar constant" determination is based on the fact that

the atmospheric transparency varies in an opposite sense to

the variations of the brightness of the sky. Increased hazi-

ness means more reflecting surface to scatter the solar rays

indirectly to the earth. At the same time it means more ob-

structing surface to cut off the direct solar beam. It has

been found accordingly that, from measurements of the bright-

ness of the sky near the sun, it is possible to infer the at-

mosphere transmission coefficients at all wave length. In this

new process all the observations can be made in 15 minutes,

and the "solar constant" value can be completely worked out

in a couple of hours.

In recent letters Mr. Clayton states that his most recent

studies have but increased his enthusiasm for the value of

solar radiation observations in forecasting. By means of

curves he shows a striking direct correspondence between the

temperature departure for Buenos Aires and other South

American cities in November and December of 1919, and the

slightly antedating solar radiation changes. The direct tem-

perature effects lag from two to three days behind the solar

fluctuations.

The new means of forecasting cannot yet be regarded as

either simple or fully satisfactory. Much investigation must
be made before they take established rank in meteorology.

Enough has been done, however, to show that there is promise.

Before the promise can come to fruition continuous daily

records of well determined solar constant values are neces-

sary. These cannot be secured with the means now available.

The solar radiation station at -Mount Wilson is not occupied

more than six months per year, and never yields more than

130 values of the "solar constant" in that period. Of these

not all are good. The station at Calama yields about 250

good values per annum now that the new method of ob-

serving is adopted. These are the only stations of the kind

in the world. There should be two or three others, widely

separated in the most cloudless regions available, such as

Egypt, Southern California and Middle Australia.

Since the accuracy of the determinations of the solar varia-

tions would be enhanced by uniformity in the methods of ob-

serving, it is quite desirable that the measurements at the

several stations should be made under a common control and

direction.

The methods of observing and reducing have been devised

and perfected at the Smithsonian Institution, but they would
very willingly be communicated to any international organ-

ization which was prepared to take up measurements of the

"solar constant." On the other hand, if the Smithsonian Insti-

tution had the means, preferably $1,000,000 to devote to the

subject, it would be practical for the Institution to carry on

"solar constant" determinations in perpetuity in such a man-
ner as to afford a satisfactory groundwork for any applica-

tion to them which meteorologists may wish to make here-

after.

under the laws of the State of Illinois and is now engaged in
producing approved films whose distribution will begin Sep-
tember 1, 1920. Scenarios are prepared by committees of
educational experts on the various subjects.

The Society has produced a projecting machine especially
adapted to the use of schools ; it publishes a monthly journal,
Visual Education; and its activities are supervised by a board
of directors and a general advisory board composed of many
of the foremost educators of the country. Its films, accord-
ing to a statement in the first issue of Visual Education, are
to be used directly in the classroom; they deal with the
fundamental school subjects, and are carefully articulated
with the curriculum; they present the normal and important
things, rather than the exceptional and bizarre ; they are based
on sound principles of teaching, and are intended to give
meaning and life to isolated facts. The films prepared under
the direction of the committees on health and on biology will
be correlated with modern principles of sex education.

Intense interest in visual education was shown at the an-
nual convention of the National Education Association held
recently in Cleveland. For the first time in the history of the
Association, a department of visual education was established
as an official section of the Department of Superintendence,
and an afternoon's program was devoted to the subject. Fol-
lowing this, an informal conference was held, as a result of
which a committee of nine educators, in no way connected
with commercial film organizations, was appointed for the
purpose of calling a representative conference on the subject
and of perfecting a permanent organization. Several im-
portant educational films were shown during the convention
sessions, including "How Life Begins." The Society for Visual
Education was represented by an exhibit and many commer-
cial companies also had exhibits.

EDUCATION IN SCIENCE BY "THE MOVIES"
According to The Social Hygiene Bulletin for May, 1920, the

utilization of moving pictures in the public schools is already

an established fact and will become increasingly important.

The Society for Visual Education was recently organized for

the development of this field. The Society is incorporated

THE HUMAN SEX RATIO
To the Proceedings of the National Academy of Sciences for

July Mr. C. C. Little, of the Carnegie Institution, Cold Spring
Harbor, contributes an interesting article on "The Human Sex
Ratio." From data collected at the Sloane Maternity Hos-
pital in New York City, it has recently been shown that there

is a significantly higher male sex ratio at birth among progeny
whose parents are not of similar nationality. This result

confirmed a paper published by the Pearls in 1908, based on
data derived from vital statistics of the city of Buenos Aires,

and had in addition a decreased source of error due to im-

proved methods of recording the data and the inclusion of

still births as well as living births in the calculations.

During the past year a further study of the same records

has been made concrning the sex ratio among the progeny of

certain other types of matings, and a preliminary attempt at

analysis made by contrasting the sex ratios of the offspring

of primipara with those of subsequent births.

Mr. Little shows in a table the sex ratios of five categories

of matings : European "pure," European "hybrid," United

States white, British West Indies colored, and United States

colored. European pure are matings in which both parents

were of the same nationality. European hybrids are offspring

whose parents are of different nationality, United States white

include a random sample of parents coming from various

parts of the United States but preponderantly from the East

and especially from New York State and New York City.

British West Indies colored are offspring from colored par-

ents born in the British West Indies, and United States col-

ored are offspring from colored parents born anywhere in

the United States.

In each case the probable error of the ratio obtained lias

been calculated for the numbers observed. On the basis of

these probable errors the differences between the various

ratios can be fairly compared with respect to their probable

significance.

The results show that there is a significant difference be-

tween the European "pure" and the European "hybrid" and



October, 1920 SCIENTIFIC AMERICAN MONTHLY 177

between the former and the United States white, but that

there is no significant difference between the European "hybrid"

and the United States white. This shows that, in the data

studied, the United States white ratio is essentially that of a

hybrid race.

This behavior of the United States matings is not in the

least surprising, for the number of different racial stocks

involved in the production of the parents of the offspring re-

corded is undoubtedly large.

The British West Indies colored stock, while far from

pure, is obviously more nearly so than the United States

colored. This is true because of the fact that the United

States colored in addition to including offspring whose grand-

parents were born in the United States, also admits the chance

that part of the grandparents may have been themselves

British West Indies stock, thus adding the hereditary varia-

tions of this stock to that of the United States colored stock.

It is interesting to note that the ratio of the B. W. I. stock

does not depart significantly from that of the European pure

whites. On the other hand, the United States colored differs

significantly from both B. W. I. colored and from European

pure and United States whites.

Accordingly Mr. Little divides the matings into two main

groups— (1) the European pure and the B. W. I. colored as

being relatively "pure," and (2) the European hybrid, United
States white, and United States colored as being relatively

"hybrid," and in a table examines the nature of the ratios

when the progeny of primipara are separated from other
births.

This table shows that while three hybrid matings disclose

a not significant difference between the sex ratio of offspring

of primipara and those of subsequent births, there is on the

other hand a marked significance in the case of European pure
matings and a barely possible significant difference in the

B. W. I. colored. The entire excess of male births in the

total sex ratio of 104.54 in the European pure matings is

found in the offspring of primipara where 115.51 ± 1.50

males to 100 females are found.

The author draws the following conclusions as regards ma-
terial in the records of the Sloane Maternity Hospital of

New York City

:

(1) Hybrid white matings give a significant excess of males
over "pure" white matings.

(2) Hybrid colored matings give a significant excess of

females over relatively "pure" colored matings.

(3) The sex ratios of the United States white births re-

corded is not significantly different from that of hybrid Eu-

ropean matings.

ResearchWork of the United States Bureau of Standards

Notes Specially Prepared for the SCIENTIFIC AMERICAN MONTHLY

COOPERATION BEWTEEN THE BUREAU OF STAND-
ARDS AND THE AMERICAN RADIO RELAY LEAGUE

IN A STUDY OF THE FADING OF RADIO
SIGNALS

The study of various phenomena in connection with radio

transmission of necessity requires the cooperation of a num-
ber of receiving and sending stations located at considerable

distances from one another. The radio Laboratory of the

Bureau of Standards can only conduct certain investigations

with the help of other laboratories engaged in radio work.

It has been particularly fortunate in securing the active

assistance of many of the foremost radio amateur operators

and has recently entered into an arrangement with the Ameri-

can Radio Relay League by which a thorough study will be

made of the fading of radio signals, a peculiarity attending

this form of electrical transmission which has been observed

by many operators. For some time it has been noted that the

strength of a signal sent out from a given transmitting sta-

tion will vary rapidly in intensity during very short inter-

vals of time, probably depending upon the weather and va-

rious meteorological conditions. Through the efforts of the

Bureau and the American Radio Relay League an arrange-

ment has been affected whereby six well-equipped amateur

radio transmitting stations will send out a broadcast mes-

sage lasting for about three minutes on Tuesday, Thursday and

Saturday evenings beginning just after the time signals of

the Arlington Naval Radio Station, these messages to be

received by about 40 amateur receiving stations. Three or

four of the transmitting stations will be within the range

of each receiving station and the former will transmit for

their different regions 10 minutes apart.

The Bureau has provided forms on which the operators

will record the strength of the signals which they receive

together with other information, such as weather conditions,

presence of strays or other atmospheric disturbances, and

the general character of radio transmission at the time of

each observation. As a result of this program of careful ob-

servations at a number of points, it is hoped that some valu-

able conclusions regarding radio transmission will be worked
out, and if such proves to be the case, the present plan
which only covers territory in the northeastern part of the

United States will be extended to cover a much larger area
during the winter of 1920-21.

EXPLANATION OF THE PRINCIPLES UNDERLYING
RADIO TELEGRAPHY AND TELEPHONY

There is probably no scientific subject which has been
given the amount of attention by the general public that

radio communication has received, and yet some of the

comparatively simple underlying principles are certainly not

very generally appreciated. It is true that our whole theory

of electrical transmission, including radio, is based upon
certain assumptions, but it is nevertheless a fact that a

great many of the fundamental principles of radio trans-

mission are very well understood and are known to be the

logical effects following the given causes. The articles fre-

quently published in non-technical journals have surrounded
the subject with an air of mystery and for this reason the

Bureau of Standards believed that a simple explanation of

the fundamentals of wireless communication would be well

received by many people. With this object in view, a lec-

ture was prepared and delivered at the Bureau during the

past month. The wave form of radio transmission was ex-

plained and the methods by which this motion is set up by the

transmitting apparatus and received by a distant station was
analyzed in a simple manner. Radio waves, while similar

to light and sound waves, possess very different properties

from them in some respects. For instance, the wireless vibra-

tions are at a different frequency from light waves and will

penetrate buildings and many substances which are opaque

to the latter. It has, perhaps, been generally supposed by the

public that these waves follow around the surface of the

earth, but it has been proven that they are not limited in this

respect as communication may be established between an

airplane and a submerged submarine. Most people likewise

picture the radio sending station as equipped with antennas
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strung from high poles. While it is true that this is the

general type of structure for ordinary stations, the antennas

may take the form of small wire coils that can be used
inside of ordinary rooms or other confined spaces.

The lecture likewise described the rapid progress that has

recently been made in developing sensitive instruments known
as amplifiers by means of which the intensity of the waves
at a receiving station can be increased. By the employment
of these instruments, very feeble signals can be multiplied

so as to be distinctly heard. Copies of the above lecture

may be obtained through the Radio Laboratory of the Bureau
of Standards.

RADIO MUSIC
It has been well known for some years that by placing a

form of telephone transmitter in a concert hall or at any
point where music is being played the sound may be carried

over telephone wires to an ordinary telephone receiver at a

distant point, thus enabling those several miles away to

listen to the music. Such systems have been in use in Lon-

don between a number of the theaters and hotels for many
years, but it is only recently that a method of transmitting

music by radio has been found possible.

It has now been discovered that music can be transmitted

by wireless in the same manner as speech or code signals and

as a result of research work on radio telephony at the Bu-

reau of Standards it has been proven that music sent by this

means does not lose its quality. It is, therefore, obvious that

music can be performed at any place, radiated into the air

through an ordinary radio transmitting set and received at

any other place, even though hundreds of miles away. The
music received can be made as loud as desired by suitable

operation of the receiving apparatus. The result is perhaps

not so very different from that secured by means of the ordi-

nary telephone apparatus above mentioned, but the system

is far simpler and does not require the use of any intermedi-

ate circuit. The entire feasibility of centralized concerts has

been demonstrated and in fact such concerts are now being

sent out by a number of persons and institutions. Experi-

mental concerts are at present being conducted every Friday

evening from 8:30 to 11:00 by the Radio Laboratory of the

Bureau of Standards. The wave length used is 500 meters.

This music can be heard by any one in the territory near the

District of Columbia having a simple amateur receiving out-

fit. The possibilities of such centralized radio concerts are

great and extremely interesting. One simple means of pro-

ducing music for radio transmission is to play a phonograph

into the radio transmitter. An interesting improvement upon

this method is being utilized in the experiments at the Bureau.

The carbon microphone, which is the mouthpiece of an ordi-

nary telephone, is mounted on the phonograph in place of

the usual vibrating diaphragm. As a result the phonograph

record produces direct variations of electric current in the

telephone apparatus instead of producing sound ; thus while

the music is not audible at the place where the phonograph

record is being played, it is distinctly heard at the different re-

ceiving stations.

THE EFFICIENCY OF INSULATION FOR COLD STOR-
AGE WORK

The cold storage industry is one of vital importance in this

country, and the use of highly efficient insulation for such

work is, therefore, imperative. During the last few years

there has been a great demand for accurate information con-

cerning the relative values of various materials that are

used for insulating purposes and this has led to extensive

experimental investigations in different laboratories.

While a great many factors, such as resistance to moisture,

inflammability, strength, durability, etc., must be considered

in choosing an insulating material, it must primarily be a

good insulator and the measurement of its thermal conduc-

tivity is, therefore, the matter of greatest importance. The
Bureau has developed and used for several years a very satis-

factory apparatus for measuring thermal conductivity. The
results obtained have been assembled and a standardized
form of the apparatus suitable for general use has been de-

signed.

The American Society of Refrigerating Engineers has taken
an active interest in this work so that a standard apparatus
may be available, the use of which will eliminate disputes

due to differences resulting from the employment of unsuit-

able testing methods. Some of these discrepancies were due
to technical difficulties and it may be stated that many of

these have been largely overcome, but a considerable amount
of educational work is still necessary among the manufac-
turers of insulating materials and the users of the same in

order to eliminate misunderstandings. The results of the

Bureau's work will be published in a forthcoming number
of the Journal of the American Society of Refrigerating Engi-

neers.

THE USE OF WET AND DRY SAND FOR CONCRETE
During the past month, several series of tests of concretes

made from Potomac River sand and gravel have been carried

out, using various proportions of cement to aggregate from
1 :l-% :3 to 1 :3 :6 and with the extremes of flowability used
in practical concrete construction work. The results of these

tests emphasize a feature of considerable importance to the

contractor. When aggregates are proportioned by volume
measure, as is customary on most constructional work, it is

found that the use of wet aggregates requires from % to 1

bag more cement per cubic yard of concrete than do dry

aggregates. Sand is generally wet or at least moist when
used, so that the full difference may never be apparent in field

practice, yet the use of sand from a pile which has just been

exposed to rain will result in the employment of more cement

for a given volume of concrete than would have been the case

had the work been done on a dry day. The excess strength re-

sulting from the increase in cement is unnecessary, providing

that designed strengths were obtained with the drier ma-
terials. As above mentioned, this increased quantity of

cement may be as high as one bag per cubic yard of concrete,

and the increase in strength, due to the added cement in a

cubic yard of concrete made with wet aggregates is roughly

proportional to the increase in cement. Therefore, if there

is a marked increase at any time in the moisture carried by

the sand, the tendency on the job should be to use larger

volumes of sand in the batch.

Marked improvement in the working qualities of the con-

crete will be noted under usual conditions when the relative

volume of sand is increased and the gravel proportionately

reduced. With well graded river sand and gravel, such as is

available in the District of Columbia, the "oversanding" may
be beneficial up to the point where the volume of sand in

the batch is equal to the volume of the gravel. Such con-

crete will not segregate for maximum flowability commonly

used in construction work ; it will be easier working, the

quantity of cement required per cubic yard will be slightly

less and there will be no reduction in compressive strength.

DURABILITY OF CONCRETE IN ALKALI SOILS AND
WATERS

The investigation which the Bureau has resumed after a

lapse of 3 years, due to the war, on the durability of concrete

in akali soils and waters, has been previously mentioned.

Tests made during the past year tend to confirm the conclu-

sions, as previously stated in Technologic Paper No. 95; but

final conclusions, as to the resistance of concrete to the ac-

tion of various types of alkali waters cannot yet be drawn

from the data now on hand. One interesting point, however,

which has been definitely brought out by this work, is the

marked variation in concentration of salts which may be
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found in the soil short distances apart. Tile placed in the

highly concentrated portions or receiving seepage water direct

from such areas may be exposed to concentration several

times as great as similar tile which may happen to be placed

further down the drain. The highest concentration of seep-

age water is not made apparent by analyzing the water col-

lected at the outlet of the drain. Analysis of samples of soils,

and borings distributed over a tract of land previous to in-

stalling a drainage system may give a fairly good idea of

the type of salts and the average concentration to which the

tile later may be' exposed, but there is no assurance that In

small localized areas much higher concentration may not be
found, or may not develop through a change in drainage con-

ditions. As a type, sulphate waters appear to be most de-

structive to concrete, the severity of action seeming to vary
with concentration of soluble salts. The wide variation In

quantities of the various constituents found indicates that

action is not greatly dependent upon the presence or absence

of any one constituent of water in which a large quantity of

the sulphate is present.

Progress in the Field of Applied Chemistry
Notes Culled from Current Technical Literature

By H. E. Howe, Member of American Chemical Society

BLEACHING SILK

The May number of Dyestuffs quotes J. L. Girard on the

subject of bleaching silk, the original article having appeared

in Textiles. When silk has passed through the boiling-off pro-

cess, which removes most of the natural gum, it is of a cream

shade, and before it can be satisfactorily used in dyeing or

when used undyed, the cream shade is removed as far as

possible by a bleaching process. This is quite similar to the

process used in bleaching wool, and the first method is based

on the action of sulphurous acid gas. This is a well-known

and long established method which gives satisfactory and re-

liable results and is economic in operation. The silk is sub-

jected to several exposures to the gas in a closed chamber, and

the materials which give rise to the color are reduced by the

action of the gas and washed out of the fiber between suc-

cessive exposures to the sulphurous acid gas. It is indispensa-

ble that the silk be kept uniformly moist. Some sulphuric

acid vapor is formed, and it is essential that the silk be pre-

vented from becoming dry while in the chamber if no serious

effects upon the fiber are to result. The air in the special

chambers is therefore kept saturated with moisture. This

moisture, however, must not be present as drops of water,

and any moisture which collects in drops is carried away by

the roof and walls of the chamber specially designed for this

purpose.

Care is exercised in sweeping the gas out of the chamber

when it is to be removed, since the gas must be taken out at

a uniform rate from all parts of the room if uniformity in the

color and condition of the fiber is to be expected.

The more recent method of bleaching is based on the oxidiz-

ing action of peroxide, particularly peroxide of hydrogen, and

in certain instances both the peroxide and the sulphur process

are used in combination. This combined method gives the

best results.

UTILIZATION AND WASTE PREVENTION IN LUMBER
The National Lumber Manufacturers Association is doing a

valuable work through its Committee on Utilization and

Waste Prevention, which is conducting research on a large

scale which should yield results of benefit to the public at

large. A diagram issued by the committee indicates the points

at which waste might be prevented, as well as the agencies

through which to accomplish this result, and indicates further

some of the ways in which unavoidable waste may be utilized.

A large amount of waste results when timber is sawn, a

strip % inch wide being reduced to sawdust by the best of the

saws now in use. The committee is cooperating with saw

manufacturers in the design and development of new types of

saws, which may reduce the width of the cut. This in turn

calls in the chemist and the metallurgist to prepare special

materials from which thinner saws can be safely made and

involves engineering in the development of improved designs.

Another very useful piece of research is being conducted in

cooperation with the Underwriters Laboratory where 12 by
12 columns have been subjected to full compression loads

under temperatures as high as 1,800°F., to determine the

behavior of such columns as are found in mill construction. It

is surprising to find that timber of this sort, under 100,000

pounds load functions for six times as long as hollow steel or

cast iron columns, sometimes used. In fact the column of

wood usually fails because of the failure of the iron cap

used upon it, and the committee through its engineers has

designed and patented an improved type of cap capable of ren-

dering service under the extreme conditions of fire for a time

equal to the life of the column itself.

The Association cooperates with the various government and
other laboratories interested in its problems and through its

research is now endeavoring to obtain data which we should

have had these last twenty years.

BETTER CANNING
In the June number of the Journal of Industrial and Engi-

neering Chemistry an announcement is made that the Glass

Container Association proposes to give prizes to any students

working for a degree in college or university, for the best

suggestions for various ways of safer canning and the use of

more convenient glass receptacles for canned food. The Glass

Container Associations research program is an outgrowth of

prohibition which deprived a number of bottle manufacturers

of a large share of their profitable business. They now turn

to science to aid them in finding ways to continue the profitable

manufacture of glass containers. The contest announced car-

ries with it awards of from fifty to one hundred and fifty

dollars, and the results of the research investigations are to

be announced in essays along lines of the better preparation

and packing of foods for canning purposes with particular

reference to the use of glass.

CLEANING METAL SHEETS
In the Iron Trade Review, R. R. Danielson discusses the

preparation of sheets for enameling where the necessity for

cleanliness is important. During forming operations the metal

to be enameled is certain to receive a covering of grease and

oil, which if allowed to remain are sure to cause trouble.

Previously a process called "scaling" was employed, in which

the ware is heated in a muffle furnace for a few minutes, so

that a light scale which will easily separate from the metal is

formed. This has its advantages, but is apt to cause warping,

especially with large sheets. Oxide is also liable to form, and

its removal means more time in the pickling bath. Chemical

cleaners have therefore come to be used. There are a variety

of these offered, including those composed of sodium hydroxide,

sodium carbonate, ammonium carbonate, borax, tri-sodium

phosphate, sodium silicate, resin soaps and soaps of other
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types. Sometimes gasoline is employed to dissolve this oil film.

It is necessary, when using chemical cleaners, to keep the

bath near the boiling point, and care must be taken to separate
the oil which accumulates on the bath. It has been found
that an electric current will accelerate the work to an im-

portant degree because of the formation of hydrogen bubbles
on the surface of the plate, and these act mechanically to

carry off the grease. Some maintain that the material to be
cleaned should be made the anode, this process being success-

fully used in one enameling plant which has entirely given up
the older scaling process.

THE CONSERVATION OF FOOD ENERGY
While the little book bearing this title was published in

1918 it contains in interestingly written form much informa-

tion which people generally should have. Its author, Dr.

H. P. Armsby, has long been identified with studies relative to

animal nutrition and is probably the world's best informed in-

dividual on that subject.

As the author indicates, it does not matter how bountiful

the farmers' crops have proved ; they are not human food

in their crude state and to prepare them for utilization in-

volves either manufacturing processes or they may be fed di-

rectly to animals which are able to convert this raw material

into a type of food which the human system can assimilate.

It is important to us, therefore, to learn how we can get the

greatest human food value out of a bushel of wheat or corn.

Shall we feed it to live stock, and if so, to which one of the

animals which are maintained because of their edible prod-

ucts? Or is it better to manufacture it into flour? Or shall

we call in the chemist and produce starch, glucose or fer-

mented materials, and feed the residues from these manufac-
tured products to our live stock? Here again the type of Jive

stock to be fed constitutes a problem for research.

The book in question supplies much data useful in our

attempts to solve this problem. It gives interesting details

as to how the amount of energy in human foods can be deter-

mined and the efficiency of animals from the standpoint of

energy values and the recovery of energy. The food value

of crude materials increased by the animal, the over-head feed

cost and factors in the consideration of wheat, corn, rye and
other grains, are subjects of interesting chapters.

An example of energy recovery may be taken from the case

of peanuts. On the basis of 100 pounds of hulled nuts the

record shows that, taking into account the recovery of energy

in animal products and in oil, of which forty pounds are ob-

tained from one hundred pounds of nuts, the following per-

centages of recovery can be noted

:

Cattle 70%
Swine 84%

Sheep 71%
Dairy cows 85%

and when used directly as human food 93% of the gross

energy is utilized. From this it would appear that it is not

ordinarily economic to use peanuts as food by way of live

stock, but they should be used directly as human food.

In many cases the animal performs a most important func-

tion by utilizing products inedible by man and the by-products

of manufacture. Animal nutrition, therefore, is closely bound

up with the problems of national nutrition and presents a field

for research so broad that it may be said to have been little

more than touched.

CHEMICAL READING COURSES
The increase in interest on the part of the public in scien-

tific literature, particularly chemistry, led the American Chem-

ical Society to appoint a committee on the preparation of a

recommended list of chemical texts for libraries. The report

of this committee appeared in the July issue of the Journal of

Industrial and Engineering Chemistry. The committee is a

representative one, and in their report each of the members

has contributed information with relation to some particular

field of the science. The report was concluded in the August

issue of the Journal, and those who will take the time to read
it will at once be filled with a desire to acquire some of the

interesting texts which are outlined in it.

The report begins with references to elementary or intro-

ductory chemistry, as intended to include books which give the

facts and principles of chemistry which have been written in

a way to appeal to readers who may not have made a special

study of chemistry. Subheadings indicate that chemistry has
its human interests, its history and biographies, and its de-

lightful works indicating the personalities of some of the

older scientists such as Dalton, Davy and Faraday. "Health

in Sanitation," "Food and Nutrition," and "Economy in the

Home," are other attractive subheadings. General and phys-

ical chemistry goes back to what others have done, an account

of some American achievements and, of course, reference to

colloids.

In inorganic and analytical chemistry additional works are

given which link up with industry and which cover many
special subjects. Besides all this there are lists of books on

miscellaneous subjects where titles and a sentence or two of

explanation should simplify work of choosing at least a few

books which should represent chemistry in every library.

This work of the committee fills a real need, and chemists

everywhere will hope that the reading public will not fail to

make the acquaintance of the science which in their minds,

at least, is quite fundamental.

HELPING THE BEES
G. V. Westbeooke, in the New Zealand Journal of Agricul-

ture, 1920, Vol. XX, page 118, reports the results of experi-

ments in which honeycombs were made of thin strips of

aluminum shaped to resemble worker cells. The surfaces of

the cells were brushed with bees wax, and the bees showed no

hesitancy in building upon these coated edges. In this way the

bee was saved the time of building the wax and, incidentally,

the metal combs could be extracted without breakage. Even

the combs containing thick honey could be extracted practically

clean when higher speeds were used in the extractor. At these

high speeds the aluminum did not break. Even the busy bee

may thus come to appreciate the chemist and the metallurgist.

A CHEMISTRY DETECTION OF FINGER PRINTS

The Journal of the Franklm Institute for June abstracts

an article by C. A. Mitchell in the Analyst of 1920, page 122,

on the detection of finger prints on documents, in which new
information is given on the most suitable method for detecting

latent prints, such as those on a book, and on the period of

time after which it is possible to detect the marks on different

qualities of paper. Photography, even with oblique illumi-

nation, is unsuccessful without some method of increasing the

contrast, and this is where chemical compounds are called in.

A mixture of chalk and gray powder, a form of mercury known

to the pharmacist, is used on dark surfaces, while lampblack

with finely powdered graphite may serve for light surfaces.

Another investigator prefers ten per cent of Soudan red, a

synthetic dye, in lycopodium, where highly glazed paper is

concerned. Finger prints have been developed after three

years with methylene blue. Highly sized papers and those-

with a considerable percentage of clay filler are not liable to

retain impressions very well.

Osmic acid has been used successfully in some cases as a

developer, basing its application upon the fact that finger

prints must contain small amounts of organic matter. Conse-

quently if a one per cent solution of osmic acid and water is

brushed over the print and then is exposed to sunlight the

ridges become dark. A standard ink has also been used, this

being composed of osmic acid, pyrogalol and water applied

with a soft brush. Iodine vapor is also a highly sensitive

reagent, but prints brought out with it are difficult to photo-

graph because the coloring is so fugitive. Mercury iodide is

somewhat better. The vapor of osmic acid is another of the-
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reagents which has been used, being prized by some because

it serves to emphasize the relations, size and other data con-

cerning the pores which are constants that have been utilized

by some investigators.

VULCANIZED FIBER
In the June 16th issue of Chemical and Metallurgical Engi-

neering, L. R. W. Allison discusses vulcanized fiber in a short

article. This fiber is made from cotton rag stock, which, after

being cut into small pieces, is boiled with soda, washed,

bleached and reduced to pulp. It is colored as may be de-

sired and then run off on fiber machines. The resulting

unsized pure fiber is passed through a bath of zinc chloride

in which the surface of the sheet is gelatinized to such an

extent that the various layers unite to form a homogeneous

mass of any desired thickness. The sheets are now neutralized

and freed from chemical reagents, dried, calendered and cured

for a considerable time up to one year, depending upon

thickness. Thus far no method of shortening this seasoning

process has been developed to give results equal to the natural

curing. This inferiority due to hastened curing may show in

the shortened ultimate life of the fiber and the decrease in

dielectric strength.

When tubes are to be formed the gelatinized fiber is wound
on steel mandrels of a size to give the required internal diam-

eter and with thicknesses dependent upon the number of sheets

wound on. Rods are turned down from square strips on a

dowel machine.

TESTING GALVANIZED COATINGS
At the annual meeting of the American Society for Testing

Materials, Dr. A. S. Cushman demonstrated a new method for

testing galvanized coatings, which depends upon measuring

the volume of hydrogen given off when the zinc coating is de-

stroyed by the action of hydrochloric acid. Any test should

form the basis of determining the weight of coating on any

part of the surface of a flat sheet or other form of galvanized

metal. The test should not destroy the material under ex-

amination. It should be applicable where laboratory facili-

ties are not available and should make possible the testing of

small pieces as well as differently formed sheets of galvanized

metal. Accuracy is, of course, essential.

In the method under discussion a tinned iron ring, shaped to

fit the given surface, is brought into contact with the surface

under test and made tight with modeling clay. Into the ring

a rubber stopper is fitted, this making a cell into which a hydro-

chloric acid—antimony chloride mixture-—can be run upon the

surface through a suitable thistle tube with stopcock. The
reaction, during which the hydrogen is produced, takes place

very quickly—in about 30 seconds—after which the volume of

hydrogen collected in a gas measuring burette is read off, and

knowing the area of the spot covered by the ring, it is a simple

matter to calculate the ounces of zinc per square foot of

coated sheet.

By a slight modification the same method has been used in

testing small pieces of coated metal, and data thus far pub-

lished indicate an accuracy for the method which compares

favorably with that obtained by other means.

TELESCOPE DISKS
Large telescope disks are being made in the United States

and all mechanical difficulties have been overcome, according

to an announcement made by Dr. George W. Morey, through

the bulletin of the American Chemical Society.

The first disks from which astronomical telescope lenses

were made from American optical glass were 3 or 4 inches in

diameter. Recently a special 4%-inch lens was ground for

Lowell Observatory, at Flagstaff, Arizona.

The first 9%-inch disk was turned out last December. Six

others have since been made and delivered. As their diame-

ters increase, disks are made with greater difficulty. Finally,

on February 15, 1920, the first perfect 12-inch disk was fur-

nished, and a large optical glass corporation now lists this
size tor short-time delivery.

The next size attempted was a 20-inch disk, in the manu-
facture of which the problem was still more complex. Several
(lawless ones were produced, but they cracked in the annealing
process. American ingenuity was brought into play to devise
a means of slowly cooling these immense plates of glass so
that they might be free from that strain so likely to destroy
them. Experiments by scientists of the Geophysical Laboratory
showed exactly how slowly their temperatures must be low-
ered, and the cooling schedule outlined was closely followed.

Owing, however, to the extreme cold weather of last March
and the shortage of gas, this schedule could not be followed.

One splendid disk strained and broke just when nearly ready
to be taken from the oven.

Equipment hitherto used was then scrapped, and an electric

furnace was specially designed to meet the needs of the prob-
lem by experts of an electric company. This device is thor-

oughly insulated and provided with an automatic appliance
which will hold the temperature absolutely constant to a

fraction of a degree while the glass is being treated to remove
strain. The temperature can be dropped a few degrees a

week.

With the aid of this furnace now in process of construction,

it is believed that the last difficulty in the way of the American
manufacture of the largest disks will be overcome. Orders
have already been accepted for the production of several large

guaranteed disks, including one pair of the 18-inch size for

refracting telescopes, and a 36-inch disk for a reflecting tele-

scope. The furnace will receive the 40-inch size.

THE HEAT TREATMENT OF HIGH CHROMIUM STEEL
The Bureau of Standards has completed certain investiga-

tions relative to tensile properties, hardness, and micro-struc-
ture under varying thermal treatments of high chromium steel

and has made a preliminary report. A summary of the re-

sults may be given as follows

:

Samples of high chromium steel of the following analysis:

C .29%, Mn .38%, Si .70%, Cr 13.2% quenched in oil from
various temperatures show

:

(a) That hardness, as measured by Brinel and Shore in-

struments, increases with increasing quenching temperature
until a temperature of about 1,066°C. (1,950°F.) is reached.

Maximum range of hardness is generally obtained by quench-
ing from this temperature, up to the highest heat used, but in

some cases this hardness actually decreases, due to retention

of the solid solution.

(b) That quenching from about 955 °C. ( 1,750 °F.) develops

the best combination of strength and ductility which is not

coincident with range of maximum hardness. Quenching from
this or lower temperatures does not retain all the carbide in

solution, as is the case in samples quenched from considerably

higher temperatures, notably 1,140° to 1,232°C. (2,100° and
2,250°F.).

(c) That ductility as measured by elongation and reduction

is very low in those samples quenched from 1,010° C. (1,850°F.)

or above.

Short-time tempering at temperatures up to about 427 °C.

(800°F.) of samples previously quenched from both 955° and
1,149 °C. (1,750° and 2,100 °F.) decreases brittleness. How-
ever, ductility is increased to a greater extent in those sam-

ples quenched from 955°C. (1,750°F.) than those quenched

from the higher temperatures. Tempering above about 427 °C.

(800°F.) markedly decreases strength values and hardness,

which is, of course, accompanied by greatly increased duc-

tility. In general, the structure of the hardened steel tends to

persist even when tempered for a short period of time at

temperatures comparatively close to the lower critical range,

the characteristics depending upon the quenching temperature

used. The most rapid change in tensile properties and hard-

ness occurs in tempering between about 427° and 538°C (800°

and 1,000°F.).



Progress in the Field of Electricity
Summaries and Excerpts from Current Periodicals

By A. Slobod

THE RELATIVE ACTIVITY OF RADIUM AND URANIUM
The relation of the activity of radium to the activity of

the uranium with which it is in radioactive equilibrium has

been experimentally redetermined. The results obtained indi-

cate that if the activity of uranium is taken as unity the

activity of the radium is equal approximately 0.49.

The total activity of uranium mixed with equilibrium quan-

tities of its disintegration products has been compared with

the activity of the uranium alone, and the former has been

found to be 4.73 times the latter.

A critical examination has been made of the various theories

which have been proposed to explain the genesis of radium

and actinium from uranium. None of these theories appears

to satisfy the necessary requirements.—J. H. L. Johnstone

and B. B. Boltwood. American Journal of Science, July, 1920,

pp. 1 to 19.

RENOVATING LECLANCHE POROUS POTS AND
UTILIZING SPENT DRY CELLS

It is hardly necessary to mention how widely the Leclanche"

as well as the dry cell have been used ; of timely interest is,

therefore, a paper by W. J. Thorrowgood read before the In-

stitution of Railway Signal Engineers disclosing the possibili-

ties of quite important economies in the use of these cells.

For chemical treatment of spent Leclanche pots the author

gives the following process which has been used successfully

on the London and South-Western Railway.

1. A solution of commercial hydrochloric acid one part and

water—five parts is to be made up and such a quantity placed

in the Leclanche' glass jar that, when a porous pot stands in

the jar, the solution comes nearly up to the black rim at the

top of the pot.

2. The pot is to remain in the acid solution for 24 hours.

3. The pot is then to be washed and soaked in clean water

in the battery jar for 48 hours, the water being changed after

24 hours.

4. The cell will then be ready for use in the ordinary way.

5. The acid solution described above can be used three or

four times but new acid solution should be added after each

porous pot has been treated to make up for waste solution.

6. A record is to be made for each pot as follows : (a) Date

pot is returned to service, (b) Nature of circuit, telegraph,

or block, etc. (c) Date pot is taken out of service.

Test data are given which show that porous pots renovated

in the above manner give very satisfactory results. The action

of the acid solution is no doubt to neutralize the alkaline salts

and give the contents of the porous pots an acid reaction.

Any free acid is, however, removed by the soaking and wash-

ing. Probably the ammonium hydrate collected in the mix-

ture in the porous pot is reconverted into sal ammoniac, but

this would also be washed in the washing. The acid also

probably dissolves ammonium salts out of the pores of the

porous pot, thus giving free passage to solution to the latter,

and at the same time reducing the resistance of the cell. If

the carbon plate is broken or the terminals have become loose

the porous pot cannot be renovated. To overcome the loose

terminal difficulty the author advises drilling a hole through

the lead and carbon plate and filling the hole with solder.

Spent dry cells are utilized by using their interiors as

porous pots for Leclanch<§ cells. The dry cells are used on

important circuits until they give on testing one to two amps,

momentarily; they are applied then to unimportant circuits

until they are entirely spent. The remaining material is then

utilized as follows: the zinc outer case is removed and the

jelly electrolyte is washed away, leaving the sac interior,

which contains the usual carbon rod, surrounded by a mixture
of carbon and pyrolusite. A little of the pitch recovered from
the old dry cell is heated and placed on top of the sac and
around the carbon rod ; or the top of the sac and carbon rod,

when dry, are varnished with an insulating varnish or paraffin

wax to prevent the salts from creeping. The sac is then ready
for use as a porous pot with the ordinary zinc rod and sal

ammoniac solution in a glass jar, thus forming a Leclancb.6

cell. If a spent dry interior, after being washed, does not

give satisfactory results on testing it is submitted to the hydro-

chloric acid process as in the case of porous pots but for a

shorter period.

It was suggested during the discussion that porous pots

returned from service with a high internal resistance may be

renovated simply by boring holes through the porous pot. It

was also suggested that there is no need to remove the sac

from a spent dry cell in order to obtain further service from
it. It is sufficient to strip the outer cardboard, puncture the

'zinc in a number of places and put the whole in a vessel con-

taining sal ammoniac solution. The only objection to this

is the size of the containing vessels which have to be used.

—

Electricity (London), June 25, 1920, pp. 391-92.

NEW METHOD OF TRANSFORMATION FROM TWO-
PHASE TO THREE-PHASE AND VICE-VERSA

The originator of the system described is J. Kubler, particu-

lars being given in Swiss patent No. 82681. It is claimed that

it is more advantageous than the time-honored Scott method
as it requires the use only of a suitably wound three-phase

transformer and thus is cheaper in initial cost than the former

which requires two single-phase transformers. The new
method is also simpler than the arrangements devised by

Stern and the Gessellschaft fur Elektrische Industrie. It is

also shown that the transition from two-phase 40-cycle sup-

ply to three-phase 50-cycle supply, which is commonly being

carried out in Switzerland and Austria in order to connect

existing systems to the long-distance distributing systems, cau

be effected by very simple reconnections of the transformer

windings that can he carried out on the site. The voltages on

load are better balanced than in the Scott system.

u

DIAGRAM OF TRANSFORMER CONNECTIONS

The diagram shows the arrangement of the secondary wind-

ings of the transformer, the primary being a normal three-

phase winding in star or mesh connection.

One limb of the transformer carries the winding U'—(X Y),

the second—the winding V—(X Y), and the third—the wind-

ings U — U', U' — V, and V1 — V. If W2 is the number of

182
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turns on each of the star-connected portions of the secondary

of the secondary winding and W2
' the number of turns on

each of the portions U — U' and V — V2
, then W2'/W 2 = sin

Wo
a/sin p = sin 15°/sin 45°; hence W2

' = (V3 — 1)~2^ If

D, is the current per phase on the two-phase side, the sec-

tions U — U' and V — V carry the current I 2 , then

the sections (XT) — U' and (X Y) — V carry currents

I2 V2 V3 displaced 60° from each other in phase, and the section

U' — V carries the current — ^^— or approximately

0.3I2 . The latter section acts as an equalizing winding that

renders the symmetrical transformation from three- to two-

phase possible.

A calculation of the total copper losses shows that if A kva
are to be transformed from two- to three-phase the three-

phase transformer required is one of which the normal rating

is 1.07 A. The article discusses the 40 to 50 cycle, two- to

three-phase change referred to above and shows how it may
be carried out ; it appears that after the change the output of

the transformer may be increased 30 per cent for equal

heating.

The connection shown in the figure is given for a two-phase

system with common third wire, but connection for a two-

phase system with four wires may also be obtained by a

modification of the arrangement.—K. Sachs, Schiceis. Elektro-

technischer Verein, Bulletin, February, 1920, pp. 23-32. Con-

densed in Elektrotechnik und Maschinenbau, March 7, 1920.

Abstract in Technical Revieiv, June 8, 1920.

ROTATING ARC LAMPS OF GARBARINI TYPE
The author describes and illustrates a new arc lamp in

which the positive electrode is a cored carbon rod of the con-

ventional type ; it is a good electric conductor, is of low ther-

mal conductivity and furnishes the luminous crater. The
negative electrode is a metallic ring cooled by circulation of

water or oil surrounding and presenting its inner edge toward

the crater. When the arc is struck it is comparatively stable

at the end of the carbon electrode while it is oscillating at

the inner edge of the metallic ring, which modifies greatly

the size and direction of the crater. This instability of the

arc is greatly increased by having a solenoid arranged

in such a manner as to create a magnetic field having the posi-

tive electrode for its axis. The arc proper is subjected then

to this magnetic field and it is caused to rotate at 500 to 300

r.p.m. This rotation is so rapid that it is impossible for the

eye to note it, and the arc appears as a highly incandescent

point surrounded by a bluish halo.

The advantages of this new lamp are summarized as fol-

lows : The close approximation to the theoretical point source

of light is obtained ; the luminous center is fixed with regard

to the lamp itself; the source of light is fully utilized, an arc

is provided of constant length, constant ohmic resistance and

intensity ; only the positive electrode is consumed ; the regu-

lation is independent of the voltage and current of the arc

and is a function only of the location of the crater relative

to the fixed parts of the lamp ; it is accomplished by the dilata-

tion of a metal strip.—Garbarini. Bulletin Offlciel de la

Direction des Recherches et des Invention, January, 1920,

No. 3, pp. 143-48. Condensed in Revue GCnerale de I'Electri-

cite, April 10, 1920, p. 508.

A COOPERATIVE COURSE IN ELECTRICAL
ENGINEERING

The educational scheme known as the Cooperative Plan is

not new in itself. That there are distinct advantages in ac-

quiring theory and practice at the same time has long been

recognized, and several technical schools, notably those abroad

have been operating on this plan for several years. The
College of Science and Arts in Glasgow, the Faraday House
in London and the University of Copenhagen in Denmark are

well known examples. In this country cooperative work

was inaugurated by Dr. Herman Schneider at the University
of Cincinnati. Courses similar in detail have been operated
by the University of Pittsburgh and by Marquette University
at Milwaukee. However, the cooperative course of the Mas-
sachusetts Institute of Technology differs in several important
respects from the cooperative schemes of other institutions, to

which differences attention is called below:
1. At Massachusetts the cooperative course does not take

the place of the regular course in electrical engineering, but
is rather an addition thereto, and its main purpose is to train

only one type of electrical engineer—the engineer who is to

be intimately connected with the design and manufacture of
electrical machinery and accessories. This type of engineer
superintends the design and manufacture of most of the
apparatus used by the administrative and consulting engineer.

His qualifications call for an intimate knowledge of the best

manufacturing processes and a thorough training in modern
research methods. It is these men who in the last analysis

must direct the operation of the nation's industries and there-

fore, no doubt, stand most in need of such a cooperative

course.

2. The course covers a period of five years, the first two
years being identical with the regular course in electrical

engineering. The cooperative features thus occupy the last

three years. The first week in July, the entire class who have
just completed their sophomore year are sent to the General
Electric Company's work at Lynn. Here they remain for

thirteen weeks. At the opening of the fall term at the institute

one-half of the students return to Cambridge and pursue for

one term what is practically the regular course in electrical

engineering. At the end of this term they have a vacation of

two weeks and then go back to the works of the General Elec-

tric Company for further experience. The other group now
returns to the Institute for further theoretical instruction.

The last period of the fifth year is spent by both groups at

the institute so that the two groups graduate together at the

regular commencement time. At the completion of the five-

year course the students receive the Master of Science degree

and the Bachelor of Science degree.

The periods of thirteen weeks at the shop and eleven weeks
at the institute are based on the consideration that the courses

at Technology take ten weeks, and that all longer coures take

some multiple of ten weeks. The student is thus able to

pursue his studies at the institute in units of standard length.

On the other hand, the thirteen weeks' factory period seems
to be the proper amount of time for the student to spend in

certain advanced departments so that he could thoroughly

and without interruptions acquaint himself with the men,

methods, materials and spirit of those departments. This,

however, does not prevent him from dividing his time among
two or three departments in case he is able to master the

details in a shorter time.

3. The real vital difference between this course and other

cooperative courses conducted in this country is the spirit of

earnest and whole-hearted cooperation on the part of the

General Electric Company. In pursuing this work the officials

of the company believe that by this method they can procure

the future engineers who will so badly be needed by the

company and by other industrial concerns in the future. Con-

sequently, there is not the slightest effort on the part of the

company to use these students for the purpose of getting out

immediate production. The length of time spent in each de-

partment is regulated not by the needs of that department

but by the value of the experience to the student. As soon

as it is deemed that he has all the knowledge of the details

of the department he is immediately changed to another de-

partment. The change is made upon consultation between the

foreman of the shop and the officer of the company and the

professor of the institute who are associated in conducting

the course. While at the works the students are given a fixed

payment per week as employes of the company ; this payment

is the same for all the departments of the works.



184 SCIENTIFIC AMERICAN MONTHLY October, 1920

Perhaps the spirit of full cooperation on the part of the

company is most clearly manifested in the attitude of every-

one connected with it. The busy superintendents find time

to prepare and give talks on the details of the work of which
they are in charge ; others illustrate these talks with lantern

slides ; some have prepared exhibits of the work in the shops,

showing the material in the different stages of manufacture.

The policies of the company are also reflected in the very

courteous treatment of the students by the subordinates and
workmen. Whenever the student assumes the proper attitude

he has also a large field here for study and experience in

human engineering.

4. In arranging the general details of the course it was
endeavored to fit it into a system of education which the

founders believe is basic. This system combines the rudiments

of Spencer's theory of education with the central idea of

Josiah Royce's. It is an endeavor to develop all the desirable

sides of a student's mind, character, and body, and at the

same time inculcate in him the spirit of loyalty to his life's

work. Under this system the continuity of the theoretical

studies and humanistic subject is quite important and this

may be mentioned as another difference from the usual co-

operative courses. All through the course, both while at the

institute and during his sojourn at Lynn the cooperative

student is pursuing the study of electrical engineering theory.

At the same time he is taking courses in the study of English.

Provisions are also made for further liberalizing the engineer-

ing students' education by means of collateral reading. The
students while at Lynn live together at the Thompson Club

which is provided with private rooms for individual study, an

assembly room for class work, a library, a billiard room,

shower bath, etc. This club house forms a center of activi-

ties, and here all class exercises are held. Advantage was
taken of this arrangement to equip the library with a wide

assortment of technical books from the Institute library, and

arrangements were made with the Lynn Public Library where-

by several shelves are kept filled with books on all sorts of

subjects and in many fields of literature. The Institute thor-

oughly believes in the desirability of creating the habit of

general reading on the part of the engineer. This is in line

with the conviction that if men with engineering training can

be induced to bring this training to bear on public questions

and civic affairs a great dynamic for good will be put into

public life.

Another point of difference is the spirit of loyalty which is

being inculcated in the members of this course, a loyalty to

one another, to the institute and to the cooperating company.

Also the keeping of the students in the plant of the same co-

operating company throughout the three years, and the unusual

amount of theoretical work in the course.—W. H. Timbie.

Engineermg Education—Bulletin of the Society for the Pro-

motion of Engineering Education, June, 1920, pp. 459-76.

THEORY OP THE KATHAROMETER
During the war a need was felt for an instrument capable

of giving automatic indication of the presence of hydrogen in

small quantities in air. At the request of the Board of In-

ventions and Research of the Admiralty, Mr. G. A. Shakespear,

with the assistance of H. A. Daynes, devised such an instru-

ment. As it was primarily intended to measure the purity of

air, the name "Katharometer" was given to it. Its construction

is based on the well-known surface-action of platinum wire.

The wire was used as two arms of a Wheatstone bridge, one

of these arms being protected from the gas by a thin glass

tube, the other being exposed. When a sufficiently great

current of electricity passed through the bridge, the exposed

arm rapidly increased in temperature owing to surface com-

bustion. The temperature, however, was liable to rise dan-

gerously high if the hydrogen were present in suitable quan-

tity, and, as safety from explosion was indispensable, this

method was abandoned. The same apparatus was then applied

with a much lower current, and with the wires consequently

at a much lower temperature, to make use of the increase in

thermal conductivity of the gas due to the admixture of hy-

drogen. This arrangement was found to be unexpectedly
sensitive, and the method was adopted for the desired purpose.

In the final form, the katharometer consisted of two small

helices of thin platinum wire, enclosed each in one of two cells

in a copper block. Each helix was mounted in a small frame
consisting of a loop of copper wire soldered to a ring of copper.

This ring was fitted with an insulating plug through which the

lead wire, also of copper, was introduced. One extremity of

the helix was soldered to the lead and the other to the distal

end of the loop. The outer part of the lead passed through a

plug of rubber fitting Into the cell, and over this rubber an
ebonite plug was pressed down by a screw collar or nipple.

Thus, the rubber filled tightly the upper part of the cell, and

access of air or gas could only take place by diffusion in the

rubber. Both cells were similarly fitted, but whereas one was
hermetically sealed the other communicated with the outer

atmosphere through three small holes. The resistance of each

helix was about ten ohms ; it was wound from about 8 cm. of

pure platinum wire 0.001 inch thick, the diameter of the spiral

being about 1 mm. The main working current in the bridge

was usually 0.100 ampere ; this was sufficient for most pur-

Ammeter 2,volts
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ELECTRICAL CONNECTIONS OP THE KATHAROMETER

poses and gave the wires a temperature about 15 °C. above that

of the block. The remaining arms of the bridge were of

manganin wire. The diagram shows the electric arrangement.
As seen from the diagram the other arms of manganin are

joined by a graduated bridge wire, and the point of contact

(P) is always varied so that the galvanometer (G) gives

zero reading. The current is always adjusted to a definite

value.

The instrument proved valuable for war purposes in va-

rious ways, e.g., in testing the purity of hydrogen in balloons,

testing the permeability of balloon and airship fabrics to

hydrogen, testing permeability of sheets of metal, etc. The
katharometer has already shown itself a valuable instrument

for research and is evidently capable of wide application. Mr.

Daynes develops a complete theory of this instrument and dis-

cusses at length the heat losses in the katharometer cell, and
corrections and methods of practical application. In a fol-

lowing paper entitled : "Process of diffusion through a rubber

membrane" the same author shows how this instrument is

used, as part of the Shakespear permeater tester, in the investi-

gation of the question of leakage of hydrogen through balloon

and airship fabrics.—Proceedings of the Royal Society. Series

A, Vol. 97, No. 685. June 1, 1920, pp. 273-307.

PROGRESS IN ELECTRIC ENGINEERING DURING
THE WAR

The author purports to review the progress made in electric

engineering in the various countries during the war ; however

he pays particular attention to the developments that took

place in Germany ; he cites numerous important references

mostly in the Elektrotechnische Zeitschrift and this enhances

the value of his paper as a bibliographic contribution.

The size of steam turbines and alternating current turbo-
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generators has been greatly increased. The A.E.G. and S.S.W.

have built turbines of 60,000 kva. at 50 cycles and 1,000 r.p.ra.

Considerable progress has been also made in driving turbines

through gearing; especially is it true of England and the

United States where the gearing is used either for driving

generators or for ship propulsion.

Outside of Germany air filters for electric machines have
been used previous to the war ; these were of the air washer
type, such as manufactured by the Sturtevant Company and
others. In Germany different types of air filters in which
fabrics are not used have been developed and this change will

probably outlive the war conditions.

Great progress has been made in electric driving of ships,

and in particular of submarines ; in the case of the latter

type of vessels a special connection has been devised by
Trettin and Hiilss in which direct-current motors are used

without a starting resistance. It is becoming more common
to transmit from the turbines to the propellers of ships by
three-phase current. Germany used in war electrically-con-

trolled torpedo boats. Not much appeared in the press on the

single armature converter. The work of Linke has cleared

up the commutation difficulties connected with this converter

by explaining the harmful effect exerted by the fifth and
seventh harmonics in the voltage curve.

The A.E.G. have developed a standard unit for supplying

10,000 volts direct current by using 4 commutators in series,

each of 2,500 volts. They also constructed large transformers
of 22,000 kva. capacity, and very recently a transformer of

50,000 kw. has been built. In electric traction most of the

new installations in Europe are being made for 16 cycles

with a few but powerful motors on each locomotive. In

America the split-phase installations have been described.

Considerable attention is being given to direct-current, voltages

up to 5,000, having been experimented with. Various types

of ventilated railway motors have appeared. Brown-Boveri,

Hartman and Brown and others have developed mercury vapor

rectifiers of capacities up to several hundred kilowatts. These
are being experimented with also on the electric locomotive,

although it seems that with the adoption of a high voltage

railway motor these rectifiers will find their place in the sub-

station rather than on the locomotive.

Riidenberg contributed important papers on the theory of

standardization; he suggested that standards be adopted hav-

ing for their ratios the roots of ten. Important progress has
been also made in electric welding, particularly as it has been
applied in shipbuilding.

On the whole, nothing of great importance has been invented

in the field of dynamo-electric machinery during the last five

years.—E. Rosenberg. Elektrotechnische Zeitschrift, Febru-

ary 26, 1920, Vol. 41, pp. 165-66.

Survey of Progress in Mechanical Engineering

Prepared Under the Auspices of the American Society of Mechanical Engineers

LIGHT STEEL CASTINGS
By R. J. DUNDERDALE

This type of casting was not extensively used in England
prior to the war, one of the reasons for it being that

the small converters which were then a source of steel

for this type of work did not produce an entirely suitable

metal. The situation, however, has become entirely different

with the introduction of the electric furnace.

The types of furnace chiefly in use in England for light steel

castings are the Schneider, Heroult and Electro-Metals in

sizes varying from % ton to 15 tons at a charge. The suitable

size for general work in castings ranging from 14 lb. to 140 lb.

weight is the 2-ton furnace, but even then it is desirable to

have the furnace graduated in size and used near the type

of casting which they would be chiefly employed on.

The sand required for this type of molding differs materially

from the usual iron foundry sand. Its physical condition should

be hard, sharp and not easily friable. Chemically, it should

contain 97 to 98 per cent of silica and as little matter of

other kinds as possible. The sand itself should not pass

through an 80-mesh screen as its texture will be rendered de-

cidedly finer than this by the clay used for bonding. The
best clays for this purpose contain about 30 per cent of

alumina and as little organic matter as possible (a certain

amount of iron is said to be an advantage). The moisture

of the final mixture which must be good can be as much below
4 per cent as will allow the sand to hold together well.

Baking the mold and painting it with tar from time to time

used to be common practice prior to the war. As a matter
of fact, however, for a vast majority of light steel castings now
made a green mold is entirely satisfactory. A baked mold
is still used, however, for very thin work and cored pressure

work, providing the mold is made suitably weak and well

vented.

A good deal of trouble is experienced from blowholes when
the molding is not right, and in this connection, it is stated

that the practice of piling is probably not so successful as

might be expected owing to the steam generated in the lower

molds getting into the upper molds before the steel does and

preventing the exit of gases. This same trouble is apt to oc-

cur when two patterns are cast separately in the same box.

Core making in a light steel casting foundry has now be-

come a very important part of molding. As regards the sand

used in core making, one similar to but rather finer than the

facing sand for the molds is desirable.

The causes of the more important failures in light steel cast-

ings are discussed in some detail. The three main causes

mentioned are short-run castings, slag, and blown and spongy

castings.

For repetition work on light steel castings the jolt-ram-

ming type of machine appears to be particularly suitable. In

a steel casting it is essential that the face should be hard and

the backing moderately weak, in order that the high tempera-

ture of the metal and its weight should not break up the face

in the first place and the slower cooling portions shall not be

drawn apart by a mold which is uniformly too tightly rammed.
The jolt-ramming machine provides this.

As regards fettling, the usual tumbling boxes have not

been found sufficient for the hard burning on which takes

place in the case of a steel casting, especially in the angles

and curves of intricate specimens. Sand blasting has to be

resorted to, preferably with steel shot and nozzles.

The development of the light steel casting industry in England

faces the competition of Switzerland, Belgium and Germany,
where the same industry appears to be quite firmly established.

At present the rate of exchange is in favor of England and it

is stated that the future of the industry should be good for

some years to come in any event, but there are several weak
spots which are apt to be uncovered when competition begins

to arise. As a way to help establish this young industry

while it is now in a healthy infancy, it is recommended that

the light steel castings users combine with the present manu-
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facturers and arrange to parcel out the work to the manufac-
turers in such a way that one firm is only engaged on two or

three standard types of job, this covering the field of repeti-

tion work. With regard to the jobbing work, any small

quantities of this type should be reserved entirely for two
or three foundries suitably equipped with proper range of

furnaces.

—

Engineering, Vol. 110, No. 2849, August 6, 1920,

pp. 167-168.

STEAM AND FRICTION STAMPS FOR HOT STAMPING
By W. H. Snow

The author compares American and British practice in

the matter of production of stampings and comes to the

conclusion that American methods are far superior to

the British. He explained it by the fact that the American

stamper has had the advantage of a demand for quantities alto-

gether beyond the orders usually met with in England and

hence has been able to specialize to a high degree.

The author points out several constructional differences

between American and British types.

American stamps, both broad drop and steam, are self-

contained, i. e., are built entirely on their anvil blocks. The
British drop stamp follows ordinary steam hammer construc-

tion in having the anvil block and the supports carrying the

lifting gear independent of one another. The requisite align-

ment of the anvil block and tup is secured by resting guides

in the block, the upper ends of the guides being supported

laterally by the framework carrying the lifting gear, and

being free to move vertically. In this way fewer parts of

the stamp are affected by the shock of the blow, and a rigid

foundation can be used, making for greater efficiency of blow.

It is common to place the block directly on the concrete bed,

though it is better to interpose a layer of timber of moderate

thickness.

American stamps are generally bedded on timber to a depth

of several feet—a rather costly arrangement—an elastic foun-

dation being necessary to soften the shock of the blows on the

stamp framework, etc., which carried on and bolted direct to

the block would otherwise suffer unduly. In the case of

steam stamps, the piston rod is a vulnerable part, and ex-

cessive rigidity in the foundation would result in a very short

life. Experience has shown that nothing but the best mate-

rials are admissible in this type of stamp, if frequent and

costly stoppages are to be avoided. In the best American

practice, nickel chrome steel, specially treated, is used for

piston rods and heavy bolts, the tup is of specially selected

steel, and the frames steel castings.

In British stamps the guides for the tup are generally

straight bars of steel or iron or steel castings of simple form

carrying single or multiple "vees" engaged with the tup. The

bars rest in holes in the anvil block, and are suitably held in

the upper framework, as already mentioned. The lower ends

of the bars are generally wedge-shaped, the holes in the block

being formed to correspond so that the bars can accommo-

date themselves to some extent in the event of the block set-

tling unequally and getting tilted. This is a bad arrange-

ment, because the bars jump under the blows and then getting

loose momentarily can twist, with the result that the tup is

thrown out of alignment with the block.

In American stamps, the standards, fitted with adjustable

slides for guiding the tup, are made as supports of ample

proportions for carrying the cylinder or the headgear, and

are spread out at the base and accurately fitted to the block,

which is a much better arrangement.

The universal practice as regards the upper dies is to

dovetail and key it into the tup. In American stamps the

same plan is adopted for the lower die. A strong steel die

holder of ample area is dovetailed into the block and the die

is held by dovetailing in the holder. There are no ready

means of altering the position of the dies in relation to one

another, and reliance is placed on accurate sinking of the

impressions to secure the correct registering.

The general practice among British stampers is to have

poppets fitted to the anvil block and to hold the die between
screws—usually four in number—working in the poppets and
pointing radially. (In France and Belgium six poppets with

screws on rectangular axes are favored.)

There is also a material difference in the stamping pro-

cesses used in the two countries. In America practice pre-

paring for preliminary forming as well as the stamping of

the article is done as far as possible under the same stamp.

The original British method is to employ a dummying or pre-

paring stamp alongside the main stamp and to rough out the

article under it between suitable tools arranged with narrow
and wide bases by the ordinary forging process. A variant

on this plan is to use fast running steam or power hammers
for preparing quite independently of the stamping, the pieces

being forged in numbers and then taken away to 'be reheated

for stamping. This is a considerable improvement on the

older method, as the saving in time by using high-speed ham-
mers more than compensates for the cost of reheating and

a much larger output per stamp is obtained.

An interesting feature of the British methods is disclosed by

the author when he calls attention to the fact that the use of

forging machines for upsetting is unknown in England.

The conclusion to which the author comes is that the British

practice needs overhauling. He calls attention, however, to

the fact that if American stamps were installed, but no change

of methods of working adopted, the full advantage of their

construction would not be realized. On the other hand, it

would not be feasible to work on American lines with British

stamps as their construction is much too weak for this.

—

The

Engineer, Vol. 130, No. 3373, August 20, 1920, pp. 173-174.

THE LAWS OF HIGH-SPEED PUNCHING
By Capt. T. J. Teestddee

A papee has been issued by the War Office, Ordnance Com-

mittee Press, presenting a novel theory of punching which the

author calls the Seriatim Theory of High-Speed Punching.

The theory is of importance also to artillerists as it permits of

determining the remaining velocity of a projectile perforating

a plate at a given striking velocity.

The method of procedure according to this theory is to

separate the energy expended in perforating into its three com-

ponents, namely, that expended on punching, that expended

on overcoming friction, and that expended on giving velocity

to the expelled plug, the laws governing the punching of a

plate by a projectile being claimed to be exactly the same as

those known to obtain in the case of plates punched in a

punching machine.

The basic argument brought forward is to the effect that

mean endlong pressure on the shell due to resistance to punch-

ing decreases as the velocity of the shell increases from the

bare perforating velocity upwards.

There is an important distinction between the blow the

projectile can give and that which it does give. Up to bare

perforating velocity it gives its all. Beyond perforation point

the blow given is only the maximum the plate can return,

and the rest of its possible blow the shell carries on with it.

When a moving body, say, a shell—collides with a stationary

one—say, a plate—the action and reaction between them,

which are equal to each other, obviously cannot exceed the

maximum of which the more feeble is capable. If the blow is

arrested, the shot is the more feeble and the mean pressure

will depend on its energy. If it-is not arrested the plate is

the more feeble and the mean pressure will depend on its re-

sistance. If the latter decreases—according to the theory

about to be propounded—as speed of attack increases and

makes the time available less sufficient for calling into action

all the resources of the plate, pressure must decrease with it.

Therefore, a shell which encounters a plate with only just

enough velocity to perforate it will be more stressed by, and

will undergo more endlong pressure from the plate's resist-

ance than if its velocity were twice as great.



October, L920 SCIENTIFIC AMERICAN MONTHLY 187

Conskler the force required to punch, as in a punching ma-

chine, four plates, each % in. thick, arranged with three thin-

ner hard plates, which have been already perforated, between

them. The thin hard plates—that is, the second, fourth and

sixth of the pile—will then act as holders-up for the first,

third and fifth, the seventh being held up by the die of the

machine as usual. Clearly the pressure that must now be

applied to the punch to perforate the four 1.4 in. plates—1 in.

altogether—is theoretically only the same as would be needed

for one % in. plate. That is to say, if a punch can deal with a

plate by punching one-fourth of its thickness at a time, it

need only have behind it one-fourth the pressure otherwise

necessary. Similarly, if a plate is made up of a thousand or

ten thousand laminae which can be separately punched seriatim,

the theoretical force of pressure between punch and plate need

only be one-thousandth or one ten-thousandth of that required

for the solid plate. The distance separating the laminae need

only be sufficient to allow each to fail to shear before the next

is seriously engaged, and as this distance will certainly be less

as the speed of punching is greater—for the higher the speed

the more thoroughly is each lamina held up by its own inertia

—it is not inconceivable that as V increases toward the infinite,

there will be, in the case of a solid plate, a nearer and nearer

approach to a sort of seriatim punching of hypothetical

laminae, whose number approaches infinity and whose thick-

ness and distance apart approach zero.

This is followed by an interesting discussion of the classical

case of a candle fired as a projectile through a wooden board.

The author's theory was checked by means of tests where
measurement was made of the loss of energy suffered by

certain projectiles in perforating certain plates at velocities far

above those just necessary to carry a shell through. The bare

perforating velocities were known. Knowing the energy lost

by the projectile when it just perforated and calling it A, and
also knowing the energy lost by the same projectile in perforat-

ing the same plate at a higher velocity and calling it B, it

was only necessary to compare A and B to test the truth of the

main assertion of the Seriatim Theory, namely, that mean
pressure due to resistance to punching is less as perforating

velocity is greater, which proved to be true in every case.

The approximate net energy absorbed in overcoming the

plate's resistance to punching at the high velocity—based on
the observed remaining velocity—was compared with that at

the low velocity. Their relation to each other was found
every time to be, within reasonable limits of observational

accuracy, inversely the same as the relation of the corre-

sponding striking velocities.

This amounts to experimental proof of the statement that

the net energy absorbed in the punching of a given plate by
a given projectile, and also the mean pressure F on the pro-

jectile due to the plate's resistance to punching, varies in-

versely as the striking velocity.

It will be seen that, according to the Seriatim Theory, as

V proceeds from perforation value to infinity, "pressure ex-

erted," "work done," and "time taken" in overcoming the

plate's resistance to punching, all diminish toward zero; but
"power exerted," which is work divided by time, remains the

same at all velocities, if t is fixed, since, however to zero

"work done" and "time taken" may be brought, their relation

to each other remains unchanged, both varying inversely as
the first power of the velocity.

Bearing in mind, then, that in the perforation of one body by
another, energy is expended in three distinct ways, viz.,

punching, friction overcoming and plug propelling; and that

of these we are at the moment dealing with only one, namely,
punching; the following new dynamical law seems to result

from the arguments of this section:

When any given body, in virtue of kinetic energy, passes
completely through another given body without undergoing any
change whatever of its own form or dimensions, the power
it exerts in effecting the necessary rupture of the material of

the perforated body is constant for all velocities.

The report covers many more features of apparently great

importance which cannot be abstracted, partly because of lack

of space and partly because of insufficiently explicit data in the

abstract from which this one is taken.

—

The Engimeer, Vol.

130, No. 3371, August 6, 1920, pp. 126-127.

THE BOWDEN PETROMETER

Description of a device acting electrically which registers

the fuel consumption on a motor vehicle or airplane from

moment to moment under all conditions..

As shown in the drawing the petrometer consists essentially

of a vessel divided more or less centrally by a diaphragm in

which three passages are formed. One of these passages on

the left is connected to the main supply pipe from the tank

and can be closed by a needle valve ; the second passage con-

necting the upper and lower chambers is opened and closed

by another and larger valve. The third passage through the
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FIG. 1. THE BOWDEN PETROMETER FOR MEASURING FUEL
CONSUMPTION OF A MOTOR VEHICLE ENGINE

diaphragm connected by a pipe to a central barrel is set mid-

way through the diaphragm and is equipped with two disks

with a float chamber between them.

Beneath the lower disk are two curved contact pieces, wired

through this disk and the upper one—and rigidly, for con-

structional support—up to the terminals of the coils, which

are mounted on a platform above, and outside the fluid-contain-

ing vessel, along with an upper float chamber, the armatures

—

not shown—that carry the needle valves, and the positive

terminals from the source of electricity. Each float is

mounted in a central spindle that carries a tungsten-tipped

contact bar which makes or breaks the electrical circuit for

the upper or lower "loop," so to say, thus established, as it

makes or leaves contact with the stationary contact pieces,

making—in the case of the lower float chamber—only while it

is empty, but breaking the moment the float lifts, when the

lower or measuring chamber is full. The upper contact bar,

on the contrary, makes contact from the moment the petrol is

free to enter the upper or receiving chamber, and lift the

upper float, and does not break contact until the upper float

chamber is empty. The two needle valves are interconnected
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by a centrally pivoted rocking bar, which carries a free arm
extending downward at a right angle to it, to engage a loop

from the spindle of the lower float. The function of this arm
and loop would simply steady the fall of the lower float.

All that is apparent from the diagram is that during the

"make" of the lower float contact bar, the left-hand coil is

energized to lift the inlet needle valve beneath it, which re-

mains lifted until the upper float chamber is sufficiently full

from the reception of the petrol for the upper float to lift

its contact bar into "make" contact; which action is simulta-

neous with the "break" of the lower contact-bar from the lift

of the float in the lower chamber by the entry of a certain

amount of petrol through the free connecting or dwell-pipe

meanwhile. Then at the break of the latter, simultaneously

with the make of the former, the left-hand coil is de-energized

to drop its needle-valve, while the right-hand coil is energized

to lift the discharge valve into the measuring chamber, which,

Is in free connection with the carburetor.

The discharge valve is mechanically connected with the dial

so that the moment it closes it registers the amount it has

admitted into the lower or measuring chamber. The dial has

two sets of hands—one, non-adjustable, registering the gross

fuel consumption, and the other with a trip hand adjustable

for the run consumption. In the lower float chamber there is

also installed a damping disk, which, acting like a paddle in

the constant amount of fluid renders the apparatus proof

against jerking or oscillation, which is an important feature.—Auto-Motor Journal, Vol. 25, No. 31/1021, pp. 799-800.

AIR-COOLED SLEEVE-VALVE ENGINE

A radial 3-cylinder motor-car air-cooled engine fitted with

the Burt single-sleeve valve is described in a recent issue of

the Autocar:

The engine has a bore and stroke of 60 by 90 mm. Its most

interesting feature is the sleeve valve. The sleeve is given

a movement which is a compound of up and down and rota-

tional movements so that a point marked on the sleeve would

in a complete circle trace an ellipse.

The sleeve is operated by means of a small crankpin carry-

ing a short horizontal connecting rod, the small end of which

is attached to lugs at the bottom of the sleeve by means of a

pin having a vertical axis, that is an axis at right angles to

the axis of the crankpin.

The place of the usual camshaft is taken by a small crank-

shaft driven at half engine speed with separate crankpins

for each cylinder.

There is a separate crank for each cylinder driven by means

of skew gearing, the crown wheel of which is mounted at the

side of the main crankshaft remote from the fan.

One of the features of the valve system is that inlet and

exhaust ports are placed alternately round the cylinder, and

the ports in the sleeve act therefore alternately for admission

and exhaust, which helps to cool the sleeve. The cold incom-

ing mixture circulates round an annular space at the top of

the cylinder, cooling the latter and also the cylinder head.

—

The Autocar, Vol. 45, No. 1296, Aug. 21, 1920, pp. 317-318.

Progress in Mining and Metallurgy
Abstracts of Important Recent Papers

Prepared Under the Auspices of the American Institute of Mining and Metallurgical Engineers

HYDROMETALLURGY OF COPPER SULFIDES
By William E. Geeenawalt

In 1912, when my book, "The Hydrometallurgy of Copper"

was published, there was not a single electrolytic copper ex-

traction plant in successful operation. The book concludes

with the following remarks

:

"The prevailing idea, especially in metallurgical literature,

seems to be that the hydrometallurgical processes for the ex-

traction of copper are applicable only to low-grade ores. But
why limit them to low-grade ores? There is no reason why wet

methods should have any limitations, either as to the grade

of the ore or its mineralogical composition, provided the

process is chemically adapted. This adaptation will, in its

ultimate analysis, resolve itself down to the consumption of

chemicals, the same as in chlorination, cyanidation, or smelting.

"Copper is one of the most readily soluble of all the metals,

and one of the most readily precipitated either chemically or

electrolytically. Theoretically, the solvent processes, especially

the electrolytic processes, offer all that could be desired, on

ores chemically adapted ; close extraction, cheap deposition,

copper in its metallic form, saving of the precious metals, the

installation of plants at the mines which may be operated in

any unit and without admixture of other ores or fluxes. With

these theoretical advantages it is reasonable to suppose that

the chemical methods will ultimately be in as general use

for the extraction of copper as the cyanide and chlorination

processes now are for the extraction of gold and silver."

Since the book was published many large copper leaching

plants have come into successful operation. Two of the

largest copper mines in the world are now using electrolytic

processes exclusively, operating on low-grade oxidized ores.

There does not appear to be a single plant in operation treating

concentrates or high-grade sulfide ores. There is one large

plant treating sulfide tailings which require roasting, but in

this plant the copper is chemically precipitated.

Up to the present time only two methods of precipitation

have looked promising in connection with purely chemical

processes—iron precipitation and hydrogen sulfide precipita-

tion. In iron precipitation, both the acid and the iron are

irrecoverably lost, and the expense is ordinarily prohibitive.

With hydrogen sulfide precipitation, the acid combined with

the copper is regenerated.

The outlook for the purely chemical processes in the gen-

eral hydrometallurgical treatment of copper ores is not hope-

ful, because they are usually too expensive to operate, and

the end product is in a very unprofitable and undesirable

form, unless a smelter and refinery are operated in connection

with the hydrometallurgical plant.

The application of electrolysis to leach copper solutions ap-

pears to be very simple; it is, in fact, quite difficult. The

entire problem of copper electrolysis from leach solutions

resolves itself down to the problem of the ferric and ferrous

salts in the electrolyte.

PRECIPITATION

In the extraction of copper from suitable ores by a wet

process, the vital step usually lies in the method of precipita-

tion. Chemical precipitation does not present a hopeful

outlook, and it appears to be quite impossible if a high-grade

ore or concentrate is to be treated; for, in addition to the

expense of chemicals for precipitation, the resulting precipi-

tate represents simply another stage of concentration, and

not a product that will command the highest market price,

and which is salable direct to the consumer.
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Although electrolytic precipitation presents some difficul-

ties, they are not insurmountable, and it is the key to the

situation. The problem of the electrolysis of leach copper

solutions can be focused on the action of the iron in the elec-

trolyte. Both at Chuquicamata and at Ajo, the deleterious

effects of the Iron in the electrolyte are kept within workable
limits by a process of close elimination above a certain low

percentage of iron.

The power required for the electrolytic deposition of the

copper and regeneration of the solvent in electrolytic plants

is one of the most formidable items of expense, both of in-

stallation and operation.

The hope of the independent copper miner lies in the hydro-

metallurgical processes, and above all, in the electrolytic method

of copper deposition and acid regeneration. This applies

with particular emphasis to mining districts where fuel is

abundant and where power can be cheaply developed, and

especially to districts remote from lines of transportation.

It seems almost unbelievable that a field so promising as

electrolytic extraction processes should have been so long

neglected.

The small and independent miner who can rely on a steady

supply of ore may no doubt, in a few years, be shipping elec-

trolytic copper instead of ore and concentrates.

RECAPITULATION

1. Hydrometallurgy offers an effective solution to the prob-

lem of high shipping and refining costs of copper ores and

concentrates.

2. The hydrometallurgical treatment of copper sulfides

should follow along the lines of roasting, leaching, and elec-

trolysis of the leach solutions to obtain the electrolytic metal

and regenerate the solvent.

3. Electrolytic extraction plants may be installed in any

unit and successfully operated without the admixture of other

ores or fluxes.

4. Electrolytic processes are applicable to sulfides as well

as to oxides ; to concentrates as well as to the ore direct.

5. Electrolytic extraction plants are expensive to install

but are highly efficient.

6. An electrolytic process on suitable ores takes the place

of smelting the ore to copper matte; of converting the matte

to blister copper; and of the ordinary refining process to

convert the blister copper into the electrolytic metal.

7. The process is applicable to copper matte, if smelting is

advisable as a preliminary treatment for ores which are not

otherwise amenable to direct treatment with an acid solvent.

8. Cheap power is one of the essentials of an electrolytic

process, and cheap water power can frequently be developed

in the vicinity of copper mines, especially in the Rocky Moun-

tain regions.

9. On the basis of 1 cent per kw-hr. for power, the

power cost for the deposition of 1 lb. of copper and the regen-

eration of from 2.5 to 3.0 lb. of acid will be 1 cent. The

total power cost would be approximately 1.5 cents.

10. It is quite possible that an electrolytic process, treating

suitable sulfide ores, can be made self-sustaining in acid. If

it cannot, the small deficiency can readily be made up with

a small acid plant in connection with the roaster furnace

sulfur gas.

11. The vital issue, in the electrolysis of copper leach so-

lutions, will be found in the ferric and ferrous salts. The

success of an electrolytic process will depend mostly on the

efficiency of the reduction of the ferric salts in the electrolyte,

and largely on the extent to which ferrous salts can be used

as a depolarizer.

12. Metallurgically, the efficiency of the electrolytic ex-

traction plant is independent of its magnitude. The charac-

ter of the roast, the extraction of the copper, and the elec-

trolytic deposition of the copper and regeneration of the
solvent are about the same for a small plant as for a large
one.

13. Electrolytic extraction processes will find their widest
application in the treatment of the higher grade ore and
concentrates.

14. The end product of all electrolytic processes is the elec-

trolytic metal salable in the open market direct to the
consumer.—- (Conclusion of paper presented before the West-
ern Meeting of the Canadian Milling Institute.)

DEVELOPMENT OF LIQUID OXYGEN EXPLOSIVE
George S. Rice, of the Bureau of Mines, is the author of

Technical Paper 243 entitled "Development of Liquid Oxygen
Explosive During the War." After giving a discussion of the
German use of this explosive and the experments made at
the Bureau of Mines Testing Station at Pittsburgh, Mr. Rice
sums up the advantages and disadvantages as follows:

ADVANTAGES

The advantages of using liquid oxygen, as compared with
the use of dynamite and black blasting powder, are as fol-

lows:

1. Lower cost per unit of material blasted.

2. No danger in transportation of explosives to point of

use.

3. Practically no danger of premature ignition.

4. Elimination of the danger of misfires by waiting 30 or

40 minutes after lighting the fuse, when practically all the

oxygen will have evaporated.

5. Elimination of the danger of unexploded sticks in

mucking, or in the ore or coal going out of the mine.

6. No danger such as is experienced in handling and thaw-
ing frozen dynamite.

7. No danger from storage in magazines, as with dyna-
mite and bla^k powder, from lightning, or fire, or miscella-

neous ignition.

8. Having a liquid oxygen installation to supply oxygen for

special purposes, such as self-contained breathing apparatus

and the oxyacetylene torch.

DISADVANTAGES

1. The liquid oxygen because of its rapid evaporation must
be used quickly and at a definite time after charging the hole,

thus limiting the number of shots that can be fired in any
one place to three or four, and making the firing of a group

of shots more difficult although this can be done.

2. The practical necessity of having a liquefying plant near

the mine to insure a supply.

3. To obtain the liquid oxygen at low cost the plant must
be kept running regularly ; that is, it is not suitable for in-

termittent work.

4. On account of igniting firedamp, liquid oxygen explo-

sive cannot be used in gaseous coal mines.

In spite of the disadvantages, the writer is of the opinion

that the method has great merit and possibilities for lessening

blasting costs in certain classes of mining, as in (1) coal

mines which at present use black powder or dynamite, are

free from firedamp, and do not produce dust of an especially

dangerous character; (2) non-gaseous anthracite mines; (3)

iron, salt, and other mineral mines using a chamber method of

mining where only a few shots are fired at one time; (4)

quarries where a few large shots could be fired at one time.

The liquid oxygen could be placed in a special container, and

owing to the large quantity of liquid used in a single cartridge

there would probably be small evaporative loss.
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Correspondence
The editor is not responsible for statements made in the

correspondence column. Anonymous communications can-
not be considered, but the names of correspondents will

be withheld when so desired.

DISINTEGRATING ELEMENTS
To the Editor of the Scientific American Monthly :

In 1869 Mendeleeff arranged a table of the chemical ele-

ments in the order of their atomic weights. He was able by-

dividing these elements into eight groups and leaving certain

blanks where very evident intervals of these undiscovered
elements occurred to produce a tabulation in which the hori-

zontal lines advanced one after the other in atomic weight
and the vertical lines gave groups, all having gradational

similarity in their reaction to various agents. He established

the periodicity of the properties of the chemical elements

in relation to their atomic weight. Further, in the case of the

blanks in his table, he was able to predict with marvelous
exactitude the properties of the elements, which, when they

should be discovered, would fill those blanks. For an early

bit of generalization it has been of marked assistance in the

advance of chemical science. It points out the undoubted
family grouping of elements along certain lines of increasing

atomic weight.

Since the days of Mendeleeff many new elements have been

discovered and have fallen into their places in his table with,

generally, little difficulty. There have been adjustments of

the Mendeleeff groupings to the atomic numbers of the ele-

ments; but always the object has been the betterment of the

family grouping.

A new grouping, unsuspected by Mendeleeff, of the inert

gases, of which Helium and Argon are members, has been

added vertically to one side of his original table, and his

series eleven, Thorium and Uranium, is found to be radio-

active, to which Niton and Radium have been added. These
new groups contain the evidences of a new and just developing

chemistry. The interrelations of Uranium, Thorium, Radium,
Niton and Helium are opening a field in which the surface may
be as yet but scratched. These are the heaviest of the ele-

ments so far discovered coming after the series containing

Gold, Mercury, Thallium, Lead and Bismuth. All of them
are varyingly rare in occurrence in that part of the earth's

crust to which we have access, and yet all of the above, with

dozens of others, make up less than one-half of one per cent of

this crust.

The earth's crust is but the flotsam of its structure. Its

specific gravity approximates 2.6, about that of granite, while

that of the whole globe is about 5.6. It is evident that the

heavy elements seldom get to the exterior. The heaviest so

far discovered are known to have most astonishing character-

istics and an interrelation only partly developed. Radium
and Thorium are radioactive and are believed to give off

electrons and break down into Uranium and eventually Lead.

They have revolutionized the theories of conservation of

energy and have given basis for vast changes in' estimates of

the age of our earth and system.

The electronic theory of matter propounds that all mat-

ter is made up of minutest particles in whorls of motion. The
atom is a system of revolving electrons, a smaller edition of

our universe with its sun and planets and wide comparative

distances. The atoms of an element are all alike with the

same relative motions, but the elements must vary from one

another in the number of electrons to the atom and their mo-
tions and stability. The more complicated the atom the less

the stability. Lack of stability gives radioactivity and

change of atomic consistency.

Science then already concedes periodicity of the atom along

lines of varying atomic weight and conjectures that atoms
vary from one another not in material but in structure. It is

but a step further in generalization to believe that there has
been a general source of atoms in which the electrons that

make them up are in homogeneous mass held in circum-
stances of pressure and heat, and that in accordance with the

variations of release from this mass the families of the ele-

ments have found origination—complex possibly beyond meas-
ure at first, possibly our proto elements with their varying

spectroscopic waves, possibly compounds we have never
found. There have been gradual metamorphoses with the

releases of vast energies of which at present science has
picked up but part of the manifestation, in Radium. It is

fair to suppose that there may be further developments of

similar and parallel elements and action. Only the border-

land has been touched ; our knowledge is young. Where mat-
ter would be found in this primitive form it is hard to state.

We should need to be within the dark room of incalculable

heat and pressure to find it. Impact of suns might bring it

about. Anything that we could observe would have pro-

gressed some distance on the road of breakdown. During
such a change one element might go back to its original form
and emerge as another element.

How far along the road of disintegration the center of our

earth or sun may have progressed is a matter of conjecture.

Undoubtedly heavier substances exist at the core than we
find on the surfaces : Are there vast masses of the known
elements which have not worked to the surface and are there

included unknown elements disintegrating by energy emana-

tions? Have we proto elements covered by the debris of their

own decay? Shall we find other bases for calculating the age

of the universe? Shall we gain new knowledge here, or from

spectroscope and nova stars? Radium has upset one corner

of chemistry and physics and astrophysics. To what will its

outcrop lead? Geo. N. Cole.

New York.

THE ENGINEERING INDEX
As most of our readers probably know a very comprehen-

sive index of engineering literature is compiled each month

by the American Society of Mechanical Engineers and pub-

lished in the Journal of that Society. These monthly indices

are compiled into book form and published in annual volumes.

The Engineering Index is the continuation of a work

started in 1884, when Prof. J. B. Johnson, of Washington

University, St. Louis, began regularly to index for the Journal

of the Association of Engineering Societies, the articles appear-

ing in several of the leading periodicals of that time. Later

(in 1895) this index was combined with a similar one that was

being published by the Engineering Magazine Company. At the

close of 1918, the American Society of Mechanical Engi-

neers acquired the Engineering Index and the number of

periodicals indexed was increased three-fold.

We have before us the Engineering Index of 1919 which un-

fortunately reached us too late to be reviewd in the July

issue of the Scientific American Monthly. In this index, a

change has been made in the arrangement of the subject mat-

ter. Heretofore, the items have been grouped under divi-

sions of engineering, such as civil, electrical, mechanical, etc.,

but in the present volume the alphabetical or dictionary ar-

rangement has been employed. Each item contains the exact

title of the articles indexed, the author's name if given, the

name of the periodical in which the article appeared, the

volume number, and the page numbers and number of figures

in the article. Each item concludes with a brief note sum-

marizing the article indexed, and there are numerous cross

references, which enable one to confine his search to the arti-

cles which bear directly upon his problem.

The index for 1919 comprises 528 pages and contains over

12,000 items referring to articles in nearly 700 engineering

and allied technical journals, both foreign and domestic.
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THE 2,400 I.H.P. Oil Engine
we recently erected at our

Snow-Holly works, Buffalo, N. Y.,

is the largest of its type built on
this side of the Atlantic. This
engine is wholly American de-

signed—built under a Worthington
roof by Worthington engineers,

and completes a line of internal

combustion engines beginning
at 1 H.P.

We developed this engine
as an earnest of our faith in

a new American industry

—

an American owned, Diesel

driven merchant marine.

The big oil engine typifies

Worthington spirit—is con-
crete evidence of the enthu-
siasm, engineering ability

and ingenuity brought to

bear on all projects from
inception to installation

—

the service we tender freely

to American industry.

WORTHINGTON PUMP AND MACHINERY CORP

Executive Offices: 115 Broadway, N. Y. City

Branch Offces in 24 Large Cities

W—361.8

PUMPS—COMPRESSORS—CONDENSERS—OIL & GAS ENGINES—METERS—MINING—ROCK CRUSHING & CEMENT MACHINERY

WORTHINGTON
Deane Works, Holyoke, Mass.

Blake & Knowles Works
East Cambridge, Mass. <

Worthington Works
Harrison, N. J.

L&idlaw Works, Cincinnati, Ohio.

Hazleton Works, Gas Engine Works, Cudahy, Wis,

-7r-T?ra» Power 8C Mining Works
Cudahy, Wis.

Snow-Holly Works
Buffalo, N. Y.

Epping-Carpenter, Pittsburgh, Pa.
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$5,000 Prize Essay
The Einstein Theory of Relativity

Mr. Eugene Higgins offers through the Scientific American a prize of $5,000 for the

best essay on the Einstein theories so written that it may be read with profit by an ordinarily

intelligent person with no special mathematical training. The competition is open to any

person, without restrictions of any sort, subject to the following

Conditions:

1. No essays shall be longer than 3,000 words.

2. All essays must be in English, and written as simply, lucidly and non-technically

as possible.

3. Each essay must be typewritten, and identified with a pseudonym. The essay

shall bear a title and the author's pseudonym only, and must be enclosed in a

plain sealed envelope likewise bearing this pseudonym. In the same package with the

essay must be sent a second plain sealed envelope, also labelled with the pseudonym, and

containing a statement of the name and address of the contestant, the pseudonym used, and

the title of the essay. It is necessary to follow these instructions implicitly, in order to

guard against confusion in opening the envelopes and assigning the pseudonyms to their

proprietors, especially in view of the possibility that two of the contestants may employ the

same pseudonym. The envelopes should be sent in a single package to the Einstein Prize

Essay Editor, Scientific American, 233 Broadway, New York.

4. All essays must be in the office of the Scientific American by November 1st,

1920.

5. The Editor of the Scientific American will retain the small sealed envelopes

containing the competitor's names and addresses, which will not be opened until the com-

petitive essays have been passed upon and the winning essay selected.

6. As soon as the judges have selected the winning essay, they will notify the Editor,

who will open the envelope bearing the proper pseudonym and revealing the competitor's

true name. The competitor will at once be notified that he has won, and his essay will be

published in an early issue of the Scientific American.

7. There shall be but one prize, of FIVE THOUSAND DOLLARS, to go to the

author of the best essay submitted.

8. The Scientific American reserves the right to publish in its columns, or in those

of the Scientific American Monthly, or in book form, any of the essays which may be

deemed worthy of this. Aside from such rights, the essays shall remain the properties of

their authors; but no manuscripts can be returned.

9. The Committee of Judges will consist of Professors Leigh Page, of Yale, and

E. P. Adams, of Princeton. In the event that they are unable to agree on the best essay,

the Einstein Prize Essay Editor will cast the deciding vote.
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T X THEN we made this statement a number
* * of years ago, it seemed incredible. Many

paid no attention to it.

Today there are between one hundred and two

hundred million square feet of lapidolized con-

crete floors which cannot wear or dust.

The laboratories of the Sonneborn have given concrete a much
wider use in floor construction by creating
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the original liquid chemical dustproofer and wear preventer

which makes concrete even harder than granite by completing

the hydration of the cement.
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IS IT SAFE?
To operate without

certainty that your organization is entirely coordinated, properly

functionalized, and intensively applying itself

—

or

To produce without

an absolute current control of every factor entering into pro-

duction or without a method of quickly ascertaining the ever

changing relationships of productive effort to results

—

or

To manufacture and sell without

knowledge of costs or production, so classified as to give compari-

sons indicating profitable and unprofitable lines, disproportionate

burden or overhead items, operation costs and their relation to

estimates, productive units as compared with unproductive, and

monthly checks on profits and losses.

This is a time for conservative management of present activities and definite

and direct planning for the future.

Our clients in over forty industries of all sizes from a few men up to many

thousands, are finding our services in organization, production control and costs,

a real protection and safeguard of both the present and future of their businesses.

Write for our Blue Book No. 2, "The

Manager and the Industrial Engineer"

WE CAN DESCRIBE OUR PLAN BRIEFLY

C. E. KNOEPPEL & CO., Inc.
Industrial Engineers

"Knoeppel Organized Service'*

52 Vanderbilt Avenue New York
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A NEW ERA
THE World's increasing business demands quicker distribution. This is

possible only through greater and faster transportation facilities, which

means a New Era

—

the era of Airplane transportation.

In France, England and Germany Airplane transportation is in successful

operation on a considerable scale.

That the needs of American Commerce will be met by the Airplane is

no longer a vision of the distant future, but a certainty of Tomorrow.

The big railroad men were those who in pioneering days visualized the

future and acted accordingly.

History will repeat in Airplane transportation—the pioneers of today

will be the big men of the future.

It should, therefore, be the concern of forward-looking business men to

realize now the almost unlimited possibilities of the Commercial Airplane,

and to have at hand the advance information that is so important.

For information, write

THE GLENN L. MARTIN CO.

CLEVELAND, OHIO

Member of the Manufacturers'
Aircraft Association
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THE SEQUEL
The story of how this Government when faced with the

emergency of war awoke to the fact that the conflict was
primarily one of engineering, how when seeking the aid of

American engineering talent no general organization of engi-

neers was to be found, how in this crisis four great engineer-

ing societies banded together to form the Engineering Council

through which they could furnish united assistance to the

Government and what a vital part in the mighty conflict was
played by American engineers—all this is now an old and

familiar story, but it has a sequel which has not yet been

written; in fact, it is only .just being enacted.

The advantages of cooperative effort during the war were
so clearly apparent as to point to the importance of con-

tinuing such united service in time of peace. In order to form

an association that would be broader and more comprehensive

than the Engineering Council and which would be repre-

sentee of every branch of engineering, not merely in its

national organizations but in its local sections as well, a

conference was called in Washington on the 3rd and 4th of

June last. This proved to be one of the most remarkable

meetings of engineers ever held. One hundred and forty

delegates attended, representing seventy-one engineering so-

cieties from all parts of this country. The unanimity displayed

was remarkable. The war had given American engineers a

new sense of power for public service, and the contrast be-

tween such service and the inefficient conduct of numberless

public enterprises launched without adequate engineering Tad-

vice was glaringly evident.

A second meeting is to be held in Washington on November
18 and 19 at which the organization of the Federated American
Engineering Societies will be completed and plans will be

formulated for taking over the work of the Engineering

Council.

The engineering profession naturally divides itself into a

large number of classifications which have been organized

into separate societies, but heretofore they have been work-

ing independently and as a consequence the voice of the engi-

neer has had little weight in national affairs.

The engineer is primarily an organizer and is constantly en-

gaged in organization work; the wonder is that never before

has any serious attempt been made to bring all the various

branches of engineering together so that they could, when
required, operate as a united whole. The benefits to the

nation at large as well as to the individual engineer are so

evident that we cannot but urge every engineering association

in the country to enter into the Federation and thus preserve

in time of peace a service that proved so valuable in time of

war.

THE COST OF DARKNESS
Thanks to the efforts of the industrial engineer, the worker

today is receiving careful and scientific study. In the war on
waste in which every manufacturer should cooperate, unneces-

sary fatigue is a most important factor. Its cost in dollars

and cents foots up to a most impressive total.

In order to focus attention upon this matter and stir the

public to real action the Society of Industrial Engineers has
designated the first Monday of December each year as Fa-
tigue Elimination Day. On the sixth of next month, then, all

manufacturers are invited to make a survey of their plants to

discover sources of unnecessary fatigue and to take measures
to eliminate these sources. The installation of chairs, the

proper height of benches, the provision of arm rests and
foot rests, the introduction of rest periods—these are some of

the important matters to be considered.

Among the various angles of this subject is that of factory
illumination. Insurance companies have already tabulated the

number of accident due to inadequate lighting. In one report

of 91,000 accidents ten per cent were due to poor lighting,

and in 13.8 per cent of the accidents lack of proper illumina-

tion was a contributing cause.

It is very evident that a dark shop is full of pitfalls and
concealed dangers, but we are apt to overlook the accidents

that are indirectly attributable to poor lighting. When a

normal man works, his eyes work too ; they perform actual

muscular labor. An arm may be fatigued without affecting

the rest of the body, but eye fatigue reacts upon the whole
human system, with the result that the work turned out is

poorer in quality and reduced in quantity, while the general

lowering of the worker's efficiency makes him less alert and
more liable to accident.

The high cost of labor today makes it pay to invest in

equipment that will better the efficiency of operatives even by
a small percentage. Daylight must be let into the plant by
substituting glass walls and roofs for the dingy brick Walls and
narrow, dirty windows that characterized the factory building

of yesterday. The glass must be kept clean and the light, after

it has been admitted, must be conserved by the use of dead

white paint, not only on the walls, but even on the machines.

Artificial light should be so disposed as to prevent glare and
flicker. Eye strain may come from an overabundance as well

as an insufficiency of light.

Proper illumination cannot be had without expense. A large

automobile company informs us that the cost of a single

washing of 300,000 square feet of windows and skylights in

its plant foots up to six thousand dollars ! But the sum is

repaid many times over in the increased efficiency of the

workers.
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Height and Velocities of Meteors
Sources of the Dust and Debris Which Our Earth Encounters in Its Orbit

By W. F. Denning, F.R.A.S. Hon. Fellow R.A.S. of Canada, etc.

HAVING during the last 34 years (1886-1920) computed
the real paths of 1,110 fireballs and shooting stars of

which multiple observations were obtained, I have ar-

rived at certain conclusions from a comparison and discussion

of the results. One is that meteors never visibly take lire at

a height of 100 miles above the earth's surface and it is proba-

ble that very few if any become luminous at an elevation of

90 miles. It is true that I have occasionally found heights

exceeding 100 miles and that other students of this branch have
obtained similarly high figures, but I believe, from a fair

consideration of the evidence, that such deductions are unre-

liable and due to errors in recording the flights of these ob-

jects. Observers frequently catch the first glimpse of a

meteor when it has already traversed a section of its path

and then guess the actual starting point by putting the line

of flight 5° or 10° or even 20° backward. This often induces

errors of large extent and gives elevations which must exceed

the true values.

Nearly all the most reliable of path records definitely indi-

cate that meteors are less than 90 miles high at the begin-

ning of their luminous flight. The very rapid meteors meeting

the earth in the front of its orbital direction are rendered

combustible at elevations between 85 and 75 miles and burnt

out at 55 to 45 miles. These include Leonids, Perseids and

showers of the same character.

The very slow meteors overtaking the earth and moving

in the same direction, are first seen when from 65 to 55 miles

high and are consumed after falling to between 50 and 25 miles,

but much depends upon the situation of the radiant point

relatively to the horizon. When the radiant is on, or very

near, the horizon the swift meteors are about 70 miles high

and the slow ones 54 miles. The latter when the radiant is

pretty considerably elevated often fall to within 33 to 25

miles of the earth's surface.

The more rapid the flights the quicker are the objects con-

sumed and the higher in the air incandescence is attained. It

is only the slow or very slow moving meteors that are able to

preserve their integrity and descend upon the earth in com-

pact forms. No Leonids or Perseids, notwithstanding their

abundance, have ever been known to alight on the terrestrial

surface.

The apparent places of the radiant points have a material

effect upon the lengths of meteor paths and often upon the

velocity of the meteors. The latter when shooting from a

zenithal radiant usually traverse short, diving courses of

about 25 miles, while those from radiants closely bordering

or on the horizon describe extensive paths of about 200 miles

or more and their rate of velocity is decidedly less than the

normal value owing probably to the effects of atmospheric

resistance. The difference between meteors from zenithal and

horizontal radiants may be contrasted by watching a shower

like the Perseids or Leonids with their radiant just risen

and again when they are near the meridian. I give a few

examples of the discordances in such flights:

Zenithal Radiants

Date Radiant Height Path

Began Ended

1917, Mar. 18 ....110° +53°

1917, April 17 ....162 +58
1914, May 17 219 +40
1917, July 16 .....316 +48
1915, Aug. 13 .... .244 +72
1914, Aug. 17 ....281 +46

Miles
;

66 41

41

47.

52

71

62 48

59 .29

64 48

Miles

25

11

24

. :i 14

30

16

Velocity

Miles

25 SS
11

,34

35

30

32

SS
SS
SS
F
SS

+51 67 47 20 26 SS
+24 75 50 29 58 SS
izontal Radiants

+ 8° 55 46 275 20 F
+ 5 55 55 405 20 SS
+ o 54 49 155 28 SS
+35 50 58 292 14 F
—23 61 51 170 Slow F
—23 54 54 490 26 F
+39 72 72 335 33 F
+24 83 78 •157 40 SS

1914, Aug. 29 293

1896, Nov. 14 150

Ho
1920, Feb. 4 144°

1896, Mar. 1 18

1900, May 3 337

1889, May 22 63

1899, June 2 .....250

1913, June 14 ... .282

1919, Oct. 22 154

1897, Nov. 14 150

Abbreviations : S.S. = Shooting Star. F. = Fireball.

These selections will sufficiently show the great difference

observed in the length of the luminous courses.

In their aspects as they slide along the firmament and also

in their real origin and characteristics meteors display so

great a diversity that it must impress every observer who
stands and watches their display. The theoretical velocities

are from about 10 to 45 miles per second, but these are not

always corroborated. There are some well substantiated cases

where meteors have traveled with far greater or less speed

than might have been expected. In certain accurately observed

instances where duplicate records were obtained of identical

objects, the actual velocity worked out at more than 100

miles per second. In one case where the late Prof. A. S.

Herschel and the writer observed a meteor under very favor-

able circumstances the velocity proved to have been only 15%
miles per second, whereas the parabolic velocity would be

34 miles per second. The computation of several meteors of

deficient velocity are here given for comparison.

Date
Radiant
Point

Observed
Velocity
per sec.
Miles

Computec
Velocity
per sec.

Miles

t

Computer

1901 Aug. 10 351° —11° 18K 30M A. S. Herschel

10 58 351V2 —10*A 16M G. L. Tupman
10 58 352 14 15 W. F. Denning

1901 Aug. 18 105+52 15 34 S. A. Herschel

h m 106 + 52 16H G. L. Tupman
13 24 106+52 15 W. F. Denning

1900 May 3 335—1 25

h m 40 A. S. Herschel

13 58 337 —0 28 W. F. Denning

In these cases the velocity was about one-half of that' com-

puted. The following include instances of excessive velocity

:

Date

1902 Sept. 25

1902 Aug. 10

1914 July 22

1914 Aug. 12

1895 Sept. 11

1917 Oct. 6

Radiant

254° + 46
c

305 +54
332 +31
280 +44
352 +30
10 +37

Observed
Velocity Miles

100

100

90

80

92

80

Computed by
the

writer at

Bristol

The observation on which all these results depend were

made by persons of experience in observing meteors and de-

termining the durations of their flight.

Showers are sometimes seen indicating a velocity incon-

sistent with the position of radiation ; thus on 1885, Sept. 3-8, I

saw 19 very swift meteors from a radiant at 354° —38°.

Many theories have been advanced in explanation of the

origin of meteors. Olbers concluded they were the fragments

of a planet discovered by explosion. Clapp, Day and others

196.



NOVEMBEB, 1920 SCIENTIFIC AMERICAN MONTHLY 197

regarded them as terrestrial comets. Laplace and Hutton

thought they emanated from lunar volcanoes. La Grange and

Brewster favored the view that they had been originally

expelled from volcanoes on the earth. Dr. Blagden held the

view that they were electrical phenomena. Sir Isaac Newton
had the idea that they proceeded from the tail of comets.

Herrick wrote: ''Millions of small planetary bodies of various

magnitudes are revolving round the sun and when any of these

dart into our atmosphere they become united and are seen

in the form of shooting stars." Tschermak conjectured that

they formed volcanic ejecta from some large celestial body.

Sir Robert Ball thought them due to the action of terrestrial

volcanoes in the distant past.

It appears to the writer that meteors have been too simply

generalized as to their outcome and orbital constructions.

Space within the known limits of the solar system is teem-

ing with these stony and metallic particles and fresh streams

of them are being introduced by the same planetary attrac-

tion which seems to have initiated the various comet families.

Certain meteoric systems may have variously had their off-

come from the earth, moon and other planets. Possibly also

the sun and stars may have furnished a fruitful parentage

—

at any rate it seems a probable inference that the dust and
debris of worlds or of comets which give rise to meteors had
their origin in a variety of sources and activities. This ap-

pears evident by their diversity. Abnormally slow meteors

may have been influenced by air resistance ; but though much
has already been accomplished by observation, the whole sub-

ject of meteoric astronomy requires far more thorough in-

vestigation than has hitherto been applied to it.

Glacial and Genial Epochs
An Astronomical Explanation of the Glacial Periods

By F. J. B. Cordeiro

NOV 4 1920

AN elastic sphere, subject to the gravitational attraction

/-% of another body is inevitably deformed into a prolate
*• * ellipsoid of revolution with its long axis pointing toward
the attracting body. Our earth is an elastic body which sub-

jected only to its own self-gravitation would assume the shape

of a sphere. But, since it rotates about an axis, centrifugal

forces of rotation are added which transform the sphere into an

oblate ellipsoid of revolution, or spheroid. If now another

body act upon it, such as the moon, the spheroid is still further

deformed into an oval body which always keeps its long axis

pointing toward the attracting body. That is, as the moon re-

volves about the earth, the distortion of the earth's shape

which it produces is always fixed relatively to the moon, and a

solid or body tide sweeps around the earth in the plane of the

moon's orbit, having the same period as the moon. Now the

effect of this body tide is evidently to bring the earth to a

condition where there will be no relative motion between earth

and moon and such will be the final condition.

Let us suppose first that the earth's axis is perpendicular to

the moon's orbit. The body tide will sweep around the earth,

in its equatorial plane, once every month, but the matter of the

earth will rotate through this tide once every day and in

passing through the tide will be stretched, kneaded, and com-

pressed, with the development of heat which is at the expense

of the earth's rotational energy. In other words the tide

acts as a brake upon the earth's rotation and will continue so

to act until there is absolute coincidence of their periods, or

until day and month become equal.

A part of the earth's surface is covered by a thin skin of

water and the moon will produce tides in this water for the

same reason that it does in the earth as a whole, but these

water tides have practically no braking effect. That is, while

the body tide must in no very distant time, as astronomical

periods go, bring the periods into coincidence, the water tide

never would do so, or, what is the same thing, would only do so

in an infinity of time. We have therefore only to consider

the effect of the moon's tide on the earth as a whole.

The body tide is very slight and we do not as yet know

what it is. It may be a foot or two in height, but that is

only a surmise.. We have supposed that the earth's axis is

perpendicular to the moon's orbit and for simplicity we sup-

pose that the moon is the only attracting body. In the general

case the earth's axis will be oblique to the orbit, and whereas

in the first case we saw that the tide would act only on the

earth's^ rotation, bringing about a coincidence of periods, we
shall now see that the tide produces most important effects in

altering the inclination of the earth's axis to the orbital plane.

The action of the tide is what is known in mechanics as a

couple and this couple tends to turn the earth about an axis

which is perpendicular to the plane of the moon's orbit. Now
we can decompose this couple into two components acting

about two axes which are perpendicular to each other. We
shall suppose one component to act about the rotational axis,

and it is clear that the action of this component is simply to

brake or slow down the rotation. The second component acts

about an axis perpendicular to the rotation axis. Now it is

well known both experimentally and theoretically what the

effect of such a couple upon a rotating body like the earth is.

It is fully dealt with in the science of gyroscopics, and we
shall call this couple the gyroscopic component of the tidal

couple. Its effect is to bring the rotational axis of the earth

into a position of perpendicularity to the orbit. We cannot

enter here into a discussion. of precession and nutation which

result from the equatorial bulge of a planet and cause the

rotational axis to describe a cone about the orbital axis at a

practically constant angle. If the earth is an absolutely rigid

body, incapable of any deformation, it can be demonstrated

that this angle will remain constant. But absolutely rigid

bodies do not exist, and an elastic body cannot maintain its

axial inclination constant. Notwithstanding this fact, it has

been generally held until quite recently, and is still held in

some quarters, that the inclination of a planet's axis cannot

change, wholly ignoring the circumstance that such a con-

stancy depends upon absolute rigidity.

We have very good reasons for believing that the four outer

planets of our system originally rotated in a direction opposite

to that of the earth, or in a negative direction. Neptune and

Granus are still rotating negatively, while Saturn and Jupiter

have turned over and are now rotating positively. It is clear

that a rotating body can only be turned over through gyro-

scopic action, and in 1893 Prof. W. H. Pickering suggested that

these planets had been turned over and were being turned over

by the action of the tidal couple. It can be rigidly demon-

strated that the tidal couple must do this.

The full mathematical investigation shows that in the case

of two bodies, like the earth and the moon, with the axis of

the earth starting from rest in any oblique position to the

orbit, the tidal couple will straighten up the axis to a position

of perpendicularity to the orbit, but that it will not come to

rest there, but continue going over. As it swings outward the

tidal couple will oppose this motion, annihilate it and finally

bring it back to perpendicularity. Thus by a series of clamped

swings it finally comes to rest in a perpendicular position.

Thus if two bodies are started revolving about their common

center of inertia, having rotations of any period about any

axes, they will finally come to the condition where the revolu-
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tional period and both rotational periods will all be the
same and the two rotational axes will be perpendicular to tbe

plane of the orbit. Both rotational axes will execute a series

of swings or pendulations about the position of perpendicu-
larity before finally coming to rest there. This is effected by
the tidal couple. We see that while at first the motion was un-
stable, or changing, finally perfect stability of motion is

attained and no further change is possible.

Starting with two bodies like the earth and moon, therefore,
it is absolutely certain and can be as rigidly demonstrated
as any other fact in mechanics, that if they did not begin
with a conditlion of stable motion, as it is- evident they did
not, tbeir previous history has been as follows: There must
have been a time when the revolutional and the two rota-
tional periods were all different. The inclination of the axes
must have changed and in fact executed a series of swings
about a perpendicular to the plane of their common orbit.

Now the average position of the plane of their common orbit
coincides with the ecliptic. Hence the axis of the earth must
have pendulated about a position of perpendicularity to the
ecliptic.

But a change in the inclination of the axis causes
the seasons on the earth to vary. When the axis is perpen-
dicular there are no seasons. There is perpetual summer or
spring all over the earth. A tropical or semi-tropical vegeta-
tion will flourish at the poles as well as at the equator. But
as the axis tilts over seasons begin and the differentiation be-

tween the seasons becomes more and severe as the inclination

increases. Finally as the inclination reaches its maximum,
large areas about both poles become glaciated. Then the axis
swings back and the seasonal changes are repeated in reverse
order. Glaciation gradually disappears and again there is

perpetual summer all over the earth. The mathematician can
assert this and does assert it as positively as he can assert
the occurrence of eclipse at some remote period. It follows
necessarily and inevitably from tidal action.

Let us now see if we have any evidence that the seasons
have Varied greatly in the earth's past history. Examining
the geological record, we find that there is no doubt about it.

The writer is not a geologist and any attempt on his part to
trace the connection between the inclination of the earth's
axis and past geological periods can only be tentative. He
hopes that any errors will be corrected by geologists.

Going backward, we find that in the comparatively recent
past there was very extensive glaciation about both poles.

We infer that an extreme inclination coincided with the ex-
treme glaciation. From this point there is a progressive amel-
ioration of climate toward the poles going hand in hand with a
decreasing differentiation of seasons, until finally we have
cinnamons and palms growing where London now is, and a
sub-tropical vegetation near the poles. We infer that at the
end of the Cretaceous and the beginning of the Eocene, the
earth's axis was perpendicular to the ecliptic. There were no
seasons but perpetual spring or summer everywhere.
Going farther back we come to the Permian period and

find evidences of extreme glaciation, if anything more severe
than the pleistocene glaciation. We infer that the axis had
an extreme inclination at this time, possibly greater than in

pleistocene time. Going farther back we come to the sub-

carboniferous time, when it would appear that there were
again no seasons. We infer that the axis was now perpendic-

ular. But farther back in the cambrian or pre-cambrian
period there seems to have been extreme glaciation and we in-

fer that the axis was at that time extremely inclined.

S. Laing (Problems of the Future) says: "Nor is it a ques-

tion of temperature alone, but of light and actinic rays of the

solar beam which are equally essential for vegetation. A
luxuriant forest vegetation, including such forms as the mag-
nolia and cypress, could no more flourish, under any conditions

now known to us, in Spitzbergen than they could if shut up
for four months in a cellar. And yet with the present obliquity

of the axis the sun must have been below the horizon in those

latitudes from November till March."

The glacial periods mark off geological time as by a clock

and the earth itself is the pendulum. Whether the swings

were isochronous we do not know. The lengths of these pe-

riods may sometime be known, but the data for any estimate

are extremely imperfect. We know that the day is lengthen-

ing, but at what rate have not the faintest idea. There is

little doubt that we are approaching a genial epoch, but the

tidal couple is so slight that observations extending over cen-

turies would probably be necessary to determine the rate of

decrease of the inclination. Such slight changes are of no

importance to the astronomer, but to the geologist who deals

with times millions and tens of millions ago, they are of

supreme importance. In any system of bodies like our solar

system it can be demonstrated that tidal action, which is a

frictional force, will eventually reduce all motion to its sim-

plest terms. This final condition is when the system has been

reduced to two bodies which revolve about their common
center of inertia in an orbit the plane of which coincides

with the original invariable plane of the system. The final

bodies will be ovals, their long axes always pointing toward

each other, which revolve, as if rigidly connected, about an

axis through the common center of inertia which is perpen-

dicular to the invariable, or orbital, plane. The moment of

momentum of the system remains invariable throughout the

evolution, while the energy of the system is constantly dissi-

pated until it attains the final irreducible minimum of two

cold bodies.

TEACHING GEOGRAPHY BY MEANS OF MOTION
PICTURES

The educational value of the cinematograph has long been

recognized but its introduction into our schools has been ex-

tremely slow. One of the principal obstacles to its general

use has been the cost of the instrument and the fire-proof cham-

ber in which it must be installed. This obstacle overcome

there will be no lack of instructional films by which knowledge

may be projected through the eyes as well as the ears of

school children and thus be fixed more permanently on the

youthful mind. There is scarcely a grammar- or high-school

subject that cannot be filmed in part if not in whole. Even

algebraic formulse and equations are capable of pictorial pre-

sentation which will give the pupil a clearer concept of their

significance.

In the September Bulletin of the American Meteorological

Society, Dr. Marsden Manson of San Francisco announces a

series of films that he is preparing for teaching all branches

of geography and related sciences. He uses revolving models

of the earth.

"In producing the films for this system." says Dr. Manson,

"The models are mounted on a balanced axis, and are rotated

so as to give diurnal and seasonal exposures to a beam of

light, which illuminates them as the earth is in space. When
in either or both of these motions, they are photographed with

a motion picture machine. Data of any kind are permanently

or temporarily depicted upon the model. The system is thus

adaptable to a very wide range of subjects, and visualizes the

data of each in an impressive form.

"The revolving, or at will, stationary, image of the globe

is projected upon a scale of one-five millionth (or 2.6 meters

= 8 feet 6 inches in diameter).

"The data for each film are compiled from standard texts,

treatises and authorities, which are given in each case. The
films can be used with the standard motion picture cameras.

"These films will be sold at reasonable rates, which will be

announced as soon as the number required can be approximated.

"The system will be kept up with the advance of knowledge

in the various fields and with new ones which may be de-

veloped."
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The Figured Stones of Wiirzburg
An Account of the Most Remarkable Hoax in the History of Science

By Leon Augustus Hausman, Ph.D.

AT no period in the history of the growth of science did

there exist a greater confusion of antagonistic theories

and interpretations of natural phenomena than in the

troublous times of that portion of the theologico-scientifie

struggle which followed the Reformation, a period embracing

the latter half of the seventeenth and the earlier half of the

eighteenth centuries. The rapid accumulation of new data

in all fields of study clamored for correlation and interpreta-

tion ; nor were correlations and interpretations wanting.

Theories and counter-theories, hypotheses and counter-hypoth-

eses were legion. Each new perplexing question propounded
at once gave birth to a host of theories and interpretations

more perplexing still!

Of the many vexatious problems which were presenting

themselves in the rapidly growing fields of zoology and geology,

perhaps the one which caused the keenest intellectual conten-

tion was the question concerning the origin and significance

of fossils. The occurrence of the forms of bizarre fishes,

plants and other organic beings imbedded within the strata

of the sedimentary rocks proved to be too much for the

early scientific minds to explain with any degree of mutual
satisfaction. The general helplessness of the majority of the

paleontological scholars when confronted by this problem

can be inferred from the many amusing and non-committal

generalities which they advanced in explanation. Thus the

presence of fossil forms in the rocks was variously accounted
for by "stone making forces," "formative qualities," a growth
from seeds and the like. Even the much-abused doctrine of

spontaneous generation, then in the heyday of its authority,

was brought forward to lend its aid

!

The influence of the Reformation was, at first, distinctly

unfavorable, nay, even hostile, to the spread of the ideals of

scientific progress. So robust was the opposition of the reform-

ist leaders to anything like unfettered scientific research that

the period immediately succeeding the Reformation was char-

acterized by even more intolerance for the scientific viewpoint

than that which marked the Reformation itself. The vestal

flame of purely secular scientific philosophy was not entirely

quenched, however, and later in the century it waxed stronger

and more vigorous, expanding into a sturdy glow here and
there, the earnests of a wider conflagration, which, at a later

period, was to illumine the field of science with no uncertain

light and point the way for such men as Buffon, St. Hilaire,

Lyell, Darwin and a host of others.

In France the old spirit of antagonism toward secular and
non-Aristotelian scientific thought still retained much of its

pristine power, and until as late as the middle of the eight-

eenth century exercised a no mean measure of judicature

over matters scientific. Thus it was that when Buffon, then

professor at the Sorbonne, made a modest attempt to set

forth what he considered to be a body of irrefutable geo-

logical statements, the theological faculty of that venerable

university, incensed at his temerity, deprived him of Ms
honorable position in the university, forced him to recant,

and in the most ignominious manner to print and publish

broadcast his recantation.

It was during this period of intellectual storm and stress

that there was published at Wiirzburg a work which stands

out in prominence as a memorial at once of an almost incredi-

ble hoax, a colossal farce, and a pitiful story of broken am-
bition and humbled pride, a work in one volume, quarto, en-

titled the "LithograpMce Wirceburgensis." Dr. Johann Bar-

tholomaeus Adam Beringer, its author, lived during the first

half of the eighteenth century, and at the time of the publica-

tion of the work which has made his name known, held the

honorable degree of doctor of philosophy and of medicine

from the University of Wiirzburg, occupied a chair in natural

philosophy, and was private physician to the reigning Prince

Bishop. He had already distinguished himself by his scho-

lastic activities in the university, and was widely known as

a capable and learned classical scholar, physician and natural

philosopher. He had been the author of an able medical
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treatise in 1708, the "Connubium Oalenico-Hippocratium," and

had contributed to the literature of botany some fourteen years

later in a systematic work entitled "Plantarum Exotica/rum

Perennium Catalogus." By his colleagues in the university

he was rapidly becoming known as paleontologist until his un-

fortunate venture upon the subject of the figured stones of

Wiirzburg, in 1726; The episode upon which, like a rock in

the pathway of a great ocean-going vessel, the career, reputa-

tion and life of the philosopher of Wiirzburg was wrecked, we
will now recount.

Beringer had wholly, publicly committed himself to the

belief that fossils were merely the capricious fabrications of

God, hidden in the earth by Him for some inscrutable pur-

pose possibly, thought Beringer, merely for his own pleasure

;

possibly as a test for human faith. His tenure of this position

became so strong and so zealous that some of the students

from the university, together, possibly, with some of the

members of its faculty, and wags from the city, determined

to put his faith in this doctrine to a trial fort et dur. They
accordingly made numerous "fossils" of clay (Fig. 1) which

they buried upon the side of a hill near Wiirzburg amid some

thick bushes, a spot where they knew the worthy professor

was wont to ramble in his search for specimens. In accord-

ance with their hopes, Beringer chanced upon these "fossils"

in one of his geological excavating tours ; was completely de-

ceived as to their true fictitious nature, and overjoyed to

discover such suppositive proofs of the validity of his views,

made known the facts of his discovery at the university. The

jokers, perceiving with glee the success of their trick, now
went even further and buried the most fantastic and extrava-

gant clay figure which their whimsical imaginations could sug-

gest (Figs. 3, 4 and 5). Not content with these alone, they

fashioned inscriptions in Hebrew, Babylonian, Syrian and

Arabic (Fig. 6), one of these being the name of God Himself!

These they buried not far from the spot where they had con-

cealed the first.

The elation of Beringer on discovering these latter "fossil"

forms was unbounded. He was now completely convinced of

the soundness of his original doctrine and at once made im-

pressive preparations to publish a full account of his discov-

eries and to elaborate learnedly and at length upon their pro-

found signification, animated by no meaner motive than to

vindicate the position of the church regarding matters paleon-

tological, and to settle once for all the vexatious question

relative to the origin of fossils.

The semi-religious fervor of the once cautious man of science

swept all before it, and, despite the temperate advice of

more level-headed colleagues, Beringer hurried the pondrous

work to its completion, and in due time the volume appeared.

The book itself, a tome of commanding proportions and writ-

ten in Latin, consists of an ingenious allegorical frontispiece

(Fig. 1) ; a title page devoted chiefly to the record of Berin-

ger's positions, degrees and learned honors ; a dedication

plate, followed by a nine-page dedication ; a preface of about

equal length; fourteen chapters, forming the body of the

work; and twenty-one plates containing the figures. The
title page informs us that the book is the: "Lithographic

Wirceburgensis, illustrated with the marvelous likenesses of

two hundred figured, or rather insectiform stones," by "D.

Joane Bartholomaeo Adamo Beringer, Philosophise et Medi-

cinae Doctore . . ." etc., and printed in Wiirzburg in 1726.

Some contribution to the work was made by one Georgius

Ludovicus Hueber, who is also mentioned on the title page,

but the bulk of the work is the result of the painstaking labors

of the worthy and credulous Doctor of Medicine and of

Philosophy.

The sounding and pompous dedication, nine full quarto

pages long, is to D. Christopher Francis, Prince Bishop of

Wiirzburg, "Most Revered and Most Eminent Prince and

Merciful Lord." It begins with an exposition of the frontis-

piece, and its significance, which is an amazing and pretentious

allegorical representation of the suppositive profound signifi-

cation of Beringer's discoveries (Fig. 2). In the center rises a

mound composed of the "figured or rather insectiform stones,"

upon which recline (as significative of their debt to the truth

established by the work) the patrons of the various arts as
well as teachers and children. Midway up the mound is the
figure of a divine child-messenger tracing upon its tablets the
inscriptions which it had pleased God to conceal in the earth

for Beringer's discovery. In the foreground, to the right,

stands a table, bearing the following passage from Ovid
(Metamorphoses, Bk. I, 1.436) : "It [the earth] brought forth

innumerable forms ; some like ' unto those which had existed

before, and some new monsters."

But the most dauntless portion of this allegorical picture is-

the delineation of the arms of the reigning prince and the

triangle of the Holy Trinity (the latter signifying the glory

of Heaven), both represented as magnified by the work of

Beringer, by being placed upon the summit of the mound.

After the preface, or Prooemium come fourteen chapters

containing a full account of the discovery of the stones, the

methods which the author had used to safeguard himself, as

he thought, against making errors in the interpretation of his

data, the description of the hill where the digging had been

carried on, the progress of the work at the university, and so

forth. He carefully refutes, in advance, the view that the

figured stones might possibly be vestiges of the early pagan
occupation of the land, i.e., the occupation by the Gauls, and

elsewhere affirms it to be his unqualified belief that these

fossils were made by the Creator and hidden in the earth at

His command. Therefore, he concludes, it is not surprising

that one should find the images of bizarre and unthinkable

creatures, in no way related to those with which man is fa-

miliar. And thus it was that Beringer was not a whit per-

turbed when he unearthed such incongruous forms as we
find figured in his plates; indeed their presence in the rocks

but served to increase his assurance in the validity of his

discoveries, stimulated him to greater endeavors, and strength-

ened his belief in the inscrutability of Providence. We can

picture to ourselves the fervor of the old scholar as he la-

bored over his great work, the magnum opus of a life of scien-

tific devotion, his thoughts dwelling fondly, and not a little

proudly, perhaps, upon the expected acclamation with which

the book would be greeted by his contemporaries in science and

philosophy. Not only would his proofs of God's direct agency

in the formation of fossils be the coup de grdce to purely

secular science, but it would undoubtedly forever lay the ghost

of that troublous matter of the origin and meaning of fossil

forms. No doubt the idea of the allegorical frontispiece came
only after he had labored long upon the manuscript of the

Lithographies and had pondered over the enormous authority

which it would one day wield in the world of scientific thought.

In chapter after chapter he anticipates and refutes objections

to his views concerning the lapides figurati Wirceburgensis,

always reverting to his tenet of their fabrication and conceal-

ment by divine decree. He describes gravely the Hebrew,

Arabic, Babylonian and Syrian inscriptions which he had un-

earthed; commenting upon the nicety with which they had

been fashioned, and upon their excellent state of preservation.

Some of these inscriptions occur on shells and images of other

animal forms. To Beringer the most significant of these in-

scriptions is the one in Hebrew, of God Himself. This, to the

pious old professor, was the seal of divine approbation set

upon his work!

And now comes the strangest part of this humiliating story.

Some of Beringer's friends, partners to the secret, alarmed

at the length to which he was pursuing this prodigious fraud,

endeavored to dissuade him from the publication of his book.

And even though others, who knew more intimately the secret

of the trick which was being played upon him, acquainted him

fully with its shameful history, yet he obstinately refused

to give their stories credence. In one contemptuous chapter

he dismisses all their evidence, denouncing it as a ruse of his

rivals to deprive him of the honor of making known his dis-
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coveries, and of publishing so important a contribution to

science. And with a logic blinded by his vigorous faith, he

argues that, since the workers employed by him to unearth

the fossils knew no tongue save their own, they manifestly

could not have made inscriptions in Hebrew, Arabic, Baby-

lonian and Syrian. Needless to say, he had first convinced

himself that no one save he and the workers, as he says,

"some boys of tender age," had ever set foot upon the moun-

tain whence had come the marvelous insectiform stones.

His work being at length completed, and in spite of the

now more robust efforts of his colleagues to prevent publica-

tion, he published it, and appealed to the learned world. But
the shout of laughter with which the book was received was
not to be misinterpreted. In chagrin, anger and despair, the

broken-spirited man exhausted virtually his entire fortune

In the fruitless endeavor both to suppress the publication of

the book and to buy up all of the copies which had been issued.

For a short time he lived, the object of the mingled ridicule

and pity of his contemporaries, and not long after died, as

tradition tells us, of a broken heart.

But the wrecking of Beringer's reputation did not cease

with his death, for a graceless bookseller, Hobhard of Barn-

burg, seeing his opportunity to make capital of Beringer's

shame, bought up all the available copies from the heir of

the original publisher and not only reissued them, but com-

piling a second edition, brought out the work under a new
title and turned this also into circulation

!

Poor Beringer ! His woes have been great, and his de-

mand upon posterity is one for large pity. Very few of the

prominent personages in the history of science stand so in

need of our heartfelt sympathy as Johann Bartholomaeus

Adam Beringer, Doctor of Philosophy and of Medicine in the

University of Wiirzburg, and private physician to the Prince

Bishop.

(For accounts of Beringer's work see, first of all, the

"Lithographiae" itself. None of the accounts are complete,

and give but short r6sum£s ; these are : Allgememe Deutsche

Biographie, Vol 2 ; Ersch u. Griiber, Encyclopadie d. Wiss u.

Kiinste, Leip. 1818-90 ; Reusch. Bibel u. Natur, Freiburg, 1866

;

Reuss, Litterarisches Curiosum, in the Serapeum, 1852, Vol.

13 ; Zockler, Geschichte d. Beziehungen zw. Theologie u.

Naturwisswnschaft, Gutersloh, 1879, Vol. 2, p. 171.

ANNOUNCEMENT OF PRIZE CONTEST
We have just received from M. O. de Bast, the president of

the Electro-Technical Institute, founded by the late George
Montefiore at Liege, Belgium, an announcement of the trien-

nial prize offered by them containing the followiny conditions:

Article 1. A prize whose sum total consists of the interest

accumulated upon a capital of 155,000 francs, invested in

Belgium government funds at 3 per cent, is awarded once in

three years as a result of an international competition to the

best original works presented, dealing with scientific progress

and the advance in the technical applications of electricity.

Mere compilations or popular treatises will not be considered.

Article 2. The prize bears the name of the George Monte-
fiore Foundation.

Article 3. The only works which will be considered are

those which 'have been presented during the three years preced-

ing the triennial meeting of the jury. All works must be
written either in French or in English, and may be delivered

either in manuscript form or as printed matter. In any case

all manuscripts must be typed and the jury will decide as to

whether they shall be printed.

Article 4. The jury is composed of ten electrical engineers,

five from Belgium and the remainder from foreign countries,

under the presidency of the Professor-Director of the Montefiore

Electro-technical Institute, who is ex-officio one of the Belgium
delegates. Save for certain exceptions stipulated by the

founder, the Belgian delegates must be chosen among those

engineers possessing the diploma of the institute.

Article 5. In exceptional cases the prize may be divided

under a 4/5 vote in each of the two sections, foreign and

national (who must for this purpose vote separately). By the

same majority the jury is empowered to award a third at

the maximum of the sum at their disposal for a discovery of

capital importance to an individual who failed to take part

in the competiiton or to a work which without entirely ful-

filling all the conditions nevertheless, contained some new
idea which may exert an important development in the do-

main of electricity.

Article 6. In case the prize is not awarded or if the jury

awards only a partial prize, the extra sum of money is to be

added to the prize of the following triennial period.

FIG. 4. TABULA XXI—CURIOUS
FISH FORMS

FIG. 5. TABULA III—FOSSIL
HEAVENLY BODIES

FIG. 6. TABULA VII—MYSTERIOUS
FOSSIL INSCRIPTIONS
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The Modern Elixir of Life*

Experiments in the Rejuvenation of Aged Animals by the Grafting of Special Organs

By Donovan McClure

AT last the dream of the ages seems about to come true

—

man's tireless endeavor to baffle Father Time is on the

brink of a success, just as that other apparently hopeless

dream which has inspired the breast of mankind since the

first dawn of intelligence—the dream expressed by the Psalmist

in the words—"Oh that I had wings like a dove's"—is now a

matter of daily experience, so it seems that the magic hand of

science has found that Elixir of Life the quest of which

brought Ponce de Leon to a far distant Land of Flowers and
for which Faust bartered his soul.

But the new method of rejuvenating senile men and animals

lies in the knife of the surgeon rather than in the vial of the

apothecary. A few months ago the sensational announcement

was made in Paris that Dr. Serge Voronoff had succeeded in

restoring the lost youth and vigor of an old goat by means of

the grafting of interstitial glands. Later the experiment was
repeated upon an aged man, the gland of a chimpanzee being

used in this case. At once a cloud of witnesses arose, some to

scoff and doubt, others to declare that Dr. Voronoff was
claiming undue honors in a field where he was a follower

rather than a pioneer.

The writer of the present article has the highest respect

and admiration for the brilliant achievements of Dr. Voronoff,

who is now in this country, and who recently consented to make
a special demonstration of his special methods before a dis-

tinguished body of medical men in New York City. It is the

purpose, however, of this article to relate the work done along

similar lines by an equally distinguished Austrian physician.

As a matter of fact a great many men of science have been en-

gaged, ever since the beginning of the present century, it is

probably safe to say, in the general field of the experimental

study of animal grafting. Skin grafting has long been prac-

tised with admirable results. More recently bones, muscles,

other tissues have been successfully grafted. The cruel exi-

gencies of the Great War naturally gave an enormous impetus

both to research and to practical achievement in these fields,

and truly marvelous results have been obtained in facial sur-

gery. But most thrilling of all are those experiments dealing

with the transplantation of whole limbs or of entire organs

and it was due to experimental surgery in this domain that the

discovery was made that in the transplantation of sex or-

* Copyrighted by A. N. Mirzaoff.

gans, from young to senescent animals, there lay a potent
means of restoring the vanished vigor and vitality of youth.

Since the public is already more or less familiar with Dr.
Voronoff's work, we wish to call attention here rather to the

experiments and achievements of certain other men, working
along the same lines—achievements which undoubtedly the

famous Parisian physiologist would most cordially recognize.

A few weeks ago a Chicago doctor published a statement
that he had undertaken similar investigations several years
ago, and had even performed an experiment upon himself,

grafting a reproductive gland with markedly favorable re-

sults. For reasons of professional etiquette however, he con-

fined his description of his experiments to well-known medical

journals. Dr. Carrel's experiments in this general field are

well known.

Furthermore recent dispatches from Portland, Oregon, state

that a physician of that city, Dr. McCorkle, has been success-

fully transplanting what he refers to as "glands of youth"

from the body of the goat to that of human beings. Both men
and women have been treated and each of 41 cases has resulted

in rejuvenation of the patient. Seven of the patients were

women and their ages varied between 45 and 48, while the

men were from 61 to 74 years old. In a recent press inter-

view Dr. McCorkle is quoted as declaring his belief that the

operation will not only increase vitality but prolong life, be-

sides relieving too high a blood pressure. He says: "I trans-

plant the glands just like an appendicitis operation and in al-

most the same locality. They become imbedded in the perito-

neum. These glands may be absorbed in a year's time. Per-

sons formerly morose and worried regain their spirits and

face life with a new outlook. In addition patients with an

extremely high blood pressure have had almost unbelievable

reductions in pressure."

But interesting as these experiments are, they are sur-

passed in certain directions by those of Dr. Eugene Steinach

of Vienna. Even before the war this physician was regarded

as one of the most eminent authorities in Europe. He founded

the Laboratory of Comparative Physiology at Prag—one of the

first on the continent, and later became director of the Bio-

logical Institute at Vienna, where he conducted the experi-

ments described below.

It is of peculiar interest and importance to find that he

secured rejuvenation in both men and animals not merely by
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FIG. 2. MALE RAT TWO WEEKS OT.D CONVERTED INTO A FEMALE BY GRAFTING

the grafting or transplanting of special glands but also by

a system of applying ligatures to special ducts, as well as

by a specific application of X-rays. This latter method is

highly significant, since many persons who might shrink from

having animal glands transferred to their own bodies would

contemplate X-ray treatment with equanimity.

Dr. Steinach has recently published a remarkable book en-

titled "Rejuvenation by Means of Experimental Revivification

of Senescent Puberty Glands." The term "puberty glands" is

intended by Dr. Steinach to include not only the usual organs

of procreation in both sexes, but also those interstitial glands

or cells called the Leydig cells in the male sex and the Lutein

cells in the female sex. These also contain an internal secre-

tion which exerts a marked effect upon sexual differentiation

and maturity.

Steinach undertook some curious experiments with young
guinea pigs and rats. He removed the primary sex organs

from male animals two weeks old and transplanted upon them
the ovaries of female animals of the same sort about four

weeks old. The animals thus operated upon, after recovering

from the operation, developed into females, as is snown
in Figs. 1 and 2, which are taken from Vol. XVII of a work
published by Julius Springer of Berlin, entitled "Studies in

Internal Medicine and Children's Diseases." Somewhat later

Steinach repeated this experiment in the reverse direction,

i.e., the ovaries were removed from female animals and the

primary organs of male animals were transplanted upon them.

The result of this was the development in these female animals

of male instincts and of the desire to fight with other males.

These experiments were carried out in 1915 before an assem-

bly of naturalists and physicians in Vienna, in the Biological

Experiment Station. The experiments were regarded as being

of the greatest significance and importance with respect to the

light thrown upon the original sexual characteristics. Steinach

declared his opinion that the sexual dfferences between males

and females are not occasioned by the predominant portions of

the sexual organs but by the interstitial cells. Since both

glowing youth and mature age on the one hand and senil-

ity on the other are chiefly controlled by these glands,

it occurred to the great physician to inquire whether
it would not be possible to check the advance of age by means
of revivifying these glands. He asked the question to him-

self, "Is an actual rejuvenation of the body possible?"

The experimenter turned his attention to experiments upon

rats, studying the progress of the vital process in these crea-

tures from birth, through youth, maturity, and advancing age

to death.

One of the most marked signs of senility in rats is the

bristling and bushy appearance of the hair and the fact that it

begins to shed the latter, becoming bald in spots, as shown in

the accompanying picture of a senile rat. The bent back and
drooping head are other well-known signs of decay, as are

a decline of appetite and corresponding loss of weight, a dull

and clouded eye, and a feebleness of the muscles. Equally

significant of the decline of the vital powers is the loss of

interest in the surroundings—even the presence of the female

fails to rouse an aged male to a show of his earlier ardors, and

instead of exhibiting a hearty lust for fighting with a rival,

he withdraws with abject cowardice before the menace of the

latter.

But is it possible once more to light the fires of youth in

this dull-spirited and decrepit creature? Steinach's experi-

ments answer this pregnant question in the affirmative. He de-

scribes three methods in fact by means of which this marvel

can be achieved. The first and simplest of these consists in

the ligaturing of the spermatic duct (vas Deferens). The
second method accomplishes the same end by means of ex-

posure to the X-ray. This method is also applicable to fe-

males. The third method is that referred to above—namely,

the transplanting of the germ gland from a young animal upon

an aged one. In the course of a few weeks after the per-

formance of either of these operations the rejuvenating influ-

ence was apparent in the entire aspect and demeanor of the

animal. As shown in our illustration (Fig. 3) the head was
raised, the eye open and bright, the pose of the body rigorous

and alert, the former bald spots covered with a fresh growth

of hair. Naturally these surprising and desirable results sug-

gested the application of this new elixir of life to the relief

of the symptoms of old age in men. In 1918 Steinach's assist-

ant, Dr. Lichtenstern, undertook, on the advice of the former,

to apply these methods of rejuvenation to human beings. The
results of the experiments were most admirable. Old men
thus operated on not only looked fresher and young, but felt

an increase in strength and vigor, while aged trembling hands

grew steady, feeble tottering steps became firm and failing

masculine instincts and impulses acquired new vitality.

FIG. 3. OLD FEMALE RAT REJUVENATED BT TRANSPLANTING INTO IT THE ORGANS OF A MALE RAT
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It was found that the animals treated by these methods also

lived from one-fourth to one-third longer than the normal

expectation of life would indicate.

The remarkable alteration in the secondary sex character-

istics of male rats of the same litter was shown most plainly.

In both males and females indeed the operation led to "the

blossoming of a new youth even restoring potency and fruit-

fulness" in one and the other.

How long these restored powers will continue in human
beings only the future can tell, and in this connection it is sad

to state that the bitter want which at present holds Vienna in

its grip has led to the closing of the Vienna Biological Insti-

tute, so that Steinach is left without funds, materials, assist-

ant, or animals with which to continue his fruitful experi-

ments. The veteran Leipzig physiologist, Wilhelm Roux, there-

fore appeals to the public for donations to a suitable founda-

tion to enable Steinach to continue his experiments.

CURING COLDS BY ACID FUMES
It has long been observed that the workmen in the carbon-

ization rooms of factories for making artificial wool are un-

c6mmonly healthy. It occurred to a German chemist that this

might be connected with the fact that the air of such rooms

is saturated with acid fumes. This idea seems singular enough

since we are all instinctively careful to avoid breathing the

fumes of acid. However, an inquiry made by a German pro-

fessor, Dr. von Kapff, in regard to the conditions of the hands

occupied in various industries where acid fumes are liberated,

showed that such employes were not only remarkably free

from infectious disease, but also, from those of the respira-

tory organs. He even found, in fact, that many cases of tuber-

culosis were actually cured in such an atmosphere. This

fact had not failed to be noted by the men engaged in such

industries, and had been taken advantage of by transferring

alien employes to branches of the business where such fumes

existed, such a transfer being especially useful in diseases

of the organs of respiration themselves.

Obviously, the proportion of acid in the air must not ex-

ceed a certain definite percentage. Dr. von Kapff was so

impressed by the result of his inquiry that he experimented

with his own children when they were suffering from the too

common affliction of the "sniffles" or a cold in th6 head. Most
persons know only too well that such colds usually last from

two to three weeks, but in the children thus treated all symp-

toms disappeared in a day or two. So successful was the

treatment, in fact, that its use has become widely extended in

hospitals and sanitariums in Germany, in which regular in-

halations of suitable gases are administered. The treatment

has been attended with remarkable success, not only in the

case of acute afflictions, but also in chronic maladies, such

as bronchitis, bronchial asthma, whooping cough, inflamma-

tion of the throat, and hay fever.

In many of the public schools in Aix, the air was main-

tained in a slightly acid condition for two hours daily in cer-

tain classes. It was found that the pupils in these classes not

only remained entirely free from infectious diseases, but act-

ually showed a considerable gain in weight over the children in

the control classes. The same experiment was tried in Stutt-

gart during the influenza epidemic and the children thus pro-

tected remained free from the grippe, which made great rav-

ages on the other children. In spite of these surprisingly

favorable results a word of caution is necessary, for it has

been found that if the exposure to the acid fumes be too long

continued there is a danger of producing a more or less perma-

nent acid condition Of the mucous membranes.

The proper proportion is from 0.1 to 0.2 grams per cubic

meter of air. Suitable acids to be employed include hydro-

chloric acid, hydrofluoric acid, formic acid, acetic acid (vine-

gar).

It is particularly interesting to notice that hydrofluoric

acid which possesses the property of etching glass, is as bene-

ficial as the others. It was found, in fact, that in those fac-

tories where this powerful corroding agent is used for this

purpose, there were many cases of the cure of tuberculosis and
in one instance a man suffering with the terrible disease of

lupus was healed. Curiously enough more than sixty years

ago a French chemist pointed out the good effect of hydro-

fluoric acid in cases of tuberculosis, but his. observations ap-

pear to have been almost entirely forgotten.

Various acids are variously adapted to one disease or an-
v

other, but it appears to be the case that the inorganic acids

are to be preferred in tuberculosis and hay fever.

Dr. von Kapff also made many successful experiments with
the application of the acid treatment to animals. He suc-

ceeded in curing a case of mouth and foot disease in a few
days by the acidification of the air. Horses suffering with
glanders were cured in two days instead of the twelve ordi-

narily required.

It may be called to mind, too, that during a cholera epi-

demic which occurred in England in the middle of the last

century, it was observed that the hands in wool factories

were spared, and it seems probable that this may now be as-

cribed to the sensitiveness of the cholera bacillus to acids.

Diluted hydrochloric acid when applied to wounds causes

rapid healing without suppuration ; also, burns over which
picric acid is poured heal quickly without pain and without
blistering. Most people will remember that it has long been
popular among common folk to hang up cloths soaked in

vinegar in sick rooms, a practise which is now seen to have
been unconsciously scientific.

PRESENCE OF COPPER IN FOOD PLANTS
Since cases of copper poisoning not infrequently occur either

in occupational trades through the ingestion of verdigris from
unclean cooking utensils, etc., or from its administration with

homicidal intent, not to mention the accidental taking of it in

the form of the Paris green used to spray plants, it often

becomes a matter of legal interest to know the possible sources

of copper in the body and the amount which is taken in by the

organism under natural conditions without harm. A contri-

bution to this subject appears in a report made to the French
Academy of Sciences, July 19th, 1920, by M. B. Guerithault.

The investigator found that copper is a normal constituent in

small amounts in a great variety of food plants. His method
of study was the ordinary process consisting of the following

steps : Incineration, treatment of the ash with hydrochloric

acid, separation of the copper in the form of the sulphide,

transformation of the sulphide into the nitrate, electrolysis,

and finally, quantitative determination of the copper, either by

directly weighing or by colorimetry after the addition of

ammonia to the nitric solution.

The amount of substance operated upon varied from 200 gr.

to 1 kg. and the incineration was accomplished in a muffle

furnace heated with wood charcoal. The ash was treated

first with half strength hydrochloric acid evaporated to dry-

ness, then taken up by pure hydrochloric acid and evaporated

to dryness a second time. The evaporation was accomplished

by means of a special aluminum water bath with porcelaiu

supports. While this method requires lengthy manipulation it

gives very exact results. Varying amounts of copper given in

the table in the original article were found in the following

vegetables: The leaves of lettuce, spinach, leeks, and celery;

the roots of the carrot, turnips, radish, salsify, leeks, beets,

and cress and the stalks of the latter ; bulbs of onions and the

tubercles of potatoes, in green beans ; in the fruits of the

pumpkin, cucumber, tomato, apple, pear, cherry, grape, orange,

olive, banana, date and chestnut ; and in the seeds of peas,

beans, soya beans, lentils, wheat, barley, rye, oats, maize,

cress, radish ; as also in decorticated rice and in various nuts,

including sweet and bitter almonds, walnuts and hazel nuts.

In general, the proportions vary from 8.7 rag. to 63.6 rug. per

100 gr. of the ash, and from 1.1 mg. to 17.1 mg. per kilogram

of the fresh substance. The seeds were found to be especially

rich in copper.



Relieving Fatigue by Means of Toxins*

A New Method of Stimulating Animal Organisms and Increasing Their Capacity for Work

By Dr. Martin Claus

THE specific treatment of infectious diseases, i.e., of dis-

eases occasioned by definite germs consists in the

introduction either of small quantities of the said

germs (mostly after they have been killed) . . . into the

body, or else by the injection of a specific curative serum,
such, for example, as diptheria anti-toxin. The first process is

termed active immunization* After the
;
injection of the

aforesaid disease germs the body itself is stimulated to the

production of special anti-toxins. The second form is called

passive immuization ; in this previously prepared curative

agents obtained from animals are introduced into the body.

General or non-specific therapeutics has of recent years
come into special attention and appears destined to throw
considerable light upon the more delicate biological pro-

cesses by which immunity is obtained. This branch of physi-

ological science involves especially what is known as the

therapeutics of albuminous bodies (the injection of serums,

of milk, etc.) and has been developed especially by R.

Schmidt (vide Umschau, 1916, No. 50). This subject also in-

cludes the effects exerted upon the body by the various forms
of radiant energy, including natural and artificial sunlight

or daylight, X-rays, red rays, etc.

The best angle from which to study this at present is

through the consideration of the increased efficiency or "work
done" obtained by the activation of protoplasm, a concept first

introduced into medical science by W. Weichardt.

PROTOPLASM ACTIVATION

By protoplasm activation we understand a stimulation of
all of the elementary bmilding stones of the body, i.e., of the

cells, which is expressed in an increased capacity or effective-

ness of the natural functions of the organs, and which may
be conditioned by the most various causes, primarily by means
of albuminous cleavage products. This augmentation of yield

is, aside from the various peculiarities of the organism con-

cerned and other secondary conditions such, for example, as
the state of the individual's nutrition, a sort of incorporation

of the albuminous substance which is chiefly dependent upon
the amount and the nature of the cleavage products which
are assimilated or created in the body. But, above all, this

increase of efficiency depends upon whether the organism is

already "sensitivized," that is, upon whether any injurious

substance is already present

Such an organism—usually it is the diseased organism which
is sensitivized against the infectious substance—usually reacts

(in non-specific therapeutics) with great vigor by means of

its specific defensive powers. Thus we often see the pro-

cesses of Inflammation greatly augmented or the production

of the immunizing bodies already present much increased.

All of these processes are best explained by the theory of in-

creased efficiency. These ideas are based upon the hypotheses

stated in the work by W. Weichardt called Veber Ernviidungs-

stoffe (Concerning Fatigue Toxins). This investigator suc-

ceeded some time ago in obtaining from the expressed juice

of the muscles of extremely fatigued animals certain albu-

minous cleavage products of high molecular value incapable

of being filtered through the membrane employed for dialysis

;

to these he gave the name of "kenotoxins." By injecting

these kenotoxins into normal animals he was able to pro-

duce in them all the symptoms of severe fatigue: Profound

stupor, enervation, a low temperature, retarded respiration.

When the doses were very large they even caused death. But
when animals thus treated recovered they were unusually

Translated for the Scientific American Monthly from Die Umschau
(Frankfurt am Main), May 8, 1920.

lively, and were also more immune to fresh injections, in large

doses, of the kenotoxins than were animals not previously

treated ; furthermore they showed increased capacity for work
as was proved by applying graduated electrical stimuli. In

the same way the injection of small quantities of albumi-

nous cleavage products of high molecular value increases the

capacity for work.

By the breaking down of the albumens injected into the

body cleavage products are formed which cannot be readily

classified. But in all cases small doses of high molecular

products increase the capacity for work. When we speak of

the successful use of radiotherapy, E. S. Rollin's success with

exposure of patients to sunlight, as coming under the head

of the non-specific augmentation of the capacity for work we
have in mind the idea either that the efficiency is augmented

by a direct stimulus of the cells, or else that the activation

of the protoplasm is effected by the appearance of albuminous

cleavage products in the body itself with the results described

above.

This increased efficiency, or capacity for work, in the body

may be exhibited either passively or actively. In the first

case there is an elimination of injurious or efficiency-

diminishing cleavage products through the circumstances that

they are in some measure transformed into inactive compounds
by means of electively operative factors. Such factors can

bear no relation to the cells. This sort of action is seen only

in an already fatigued organ in which cleavage products are

already present, and it operates only to inhibit the phenomena
of fatigue; hence it can at best merely restore the efficiency

to the normal. Substances of this kind are found for exam-
ple in blood serum and thymus gland extract; many definite

chemical compounds also have this property, e.g., substances

which contain a double N H group united to an atom of car-

bon, such as succiniimid, etc. Far more important is the

active augmentation of efficiency which is exhibited in a

heightening of the natural functioning of the entire organism,

or of any given organic system. This is accomplished by
protoplasm activation, and leads to a much more pronounced

increase of efficiency and can also be induced in an isolated

non-fatigued organ. This is now employed in medical practice

in the above mentioned forms of "albumen" and "radio"

therapeutics, and can also be accomplished by the injection

of colloidal metals and other non-specific substances. It

must probably be distinguished therefore from the action of

specific agents, such as that of caffeine and of camphor upon«

the muscles of the heart. Definite examples will perhaps;

make the matter clearer to the layman. For example,,

Weichardt and Popielski showed that the activity of the-

isolated heart of a frog can be increased by high molecular
albumen cleavage products; of much practical importance too-

are the experiments showing that by the injection of albumi-
nous bodies into female goats which have not "come in

fresh" for a long time, the flow of milk can be increased to

a marked degree as a function of the increased activity

of the gland. This increased efficiency due to high molecular
cleavage products can also be shown by electrical stimulation

of the muscles of the calf in the leg of a mouse.
These experiments also shed much light on the effects of

training of race horses and of oarsmen. Training merely con-
sists of a gradual increase in muscular activity and the
consequences thereof. During this muscular activity decom-
position products are formed in the body in small amounts;
in other words when the practice is not too severe or long
continued, these products increase the efficiency. When after

a certain period for repose the muscular activity is renewed,
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there is found to be an increased efficiency, which also leads

to an increase in the size of the muscles because of the

stimulation of metabolism and thus helps to increase the

capacity for work. The beneficial effect of massage on muscles

can also be explained in this way. This helps us like-

wise to comprehend the ill effects of over-training ... in this

case such large quantities of albuminous cleavage products are

produced in the organism that they exert a crippling and in-

jurious effect upon the muscles and upon the entire body.

The case is entirely analogous with respect to mental over-

exertion, and this explains why it so often happens that an

excellent student fails in his examinations, especially when
he has spent his nights "cramming" previously. These facts

should be pondered and utilized by pedagogues.

But the non-specific increase of efficiency by means of the

stimulus of small quantities of cleavage products is not the

only possible way in which to increase the capacity of work
in single organs or in the whole organism, though probably

the most important method. A large number of methods for

producing this increase of efficiency have been collected by

Weichardt and published in the Munich Med. Woch., No. 4,

1920. A few examples will show the practical importance with

respect to the conquering of infectious diseases of the rcne

played by the increase of efficiency, by means of albuminous

bodies

:

Thus, as far back as 1890 Rumpf treated typhus fever by
means of flooding the system with pathological germs of less

toxic character, such for example, as the bacillus which pro-

duces green pus (B. Pyoceaneus) . At the present tittne Kraus
employs the so-called hetero-vaccine-therapy, i.e., the treat-

ment of an infectious disease with a micro-organism which

has nothing to do with the disease itself. Very instructive in

this connection is the case, for example, of a soldier suffer-

ing from typhus with a very high degree of fever, who had an

attack of malaria, whereupon his temperature soon became
normal, the intestinal symptoms were mitigated, and the

greatly depressed mental condition of the patient was both ob-

jectively and subjectively improved. The patient's tempera-

ture continued permanently normal and he was entirely

cured after a rapid convalescence. In this case the malaria

excitants (plasmods) discharged from his own body into his

circulation acted as a hetero-vaccine which was decomposed

and in the form of cleavage products increased the efficiency

of the body.

This non-specific increase of efficiency may be effective in

the healthy body as well as a sick one, in so far as it possesses

sufficient strength of reaction to influence all the cells. In

the case of a healthy person this alteration in the tissues

subsequent to an injection is not so obvious with respect to

increase of muscular capacity but can be proved in a general

manner. Much more delicate, on the other hand, is the aug-

mentation of efficiency in the nervous system, in the process of

metabolism, in temperature, in the coagulation of the blood,

and the extremely important behavior of the internal secretion

glands (suprarenal bodies, ovaries, testicles, thyroid, pine:il

gland ) . In the case of a diseased organism the natural de-

fensive elements of the bodies are augmented. This is shown,

. for example, in an increase in the number of the anti-bodies

whose function it is to neutralize bacterial poison ; but it can

also be shown by non-specific therapeutics (the injection of

serum or of milk) which occasion an increase in the capacity

for coagulation of the blood, which is of great importance in

many oases, as in the hemorrhages which often occur as a

result of the intestinal injuries caused by the typhus bacillus,

or in the alteration processes which occur in the blood vessels

through the progress of tuberculosis of the lungs. Von der

Velden first showed the selective effect of albuminous bodies

in diseased organisms with respect to the local foci of at-

tack—a process which has a parallel in the peculiar affinity

exhibited by many medicines such as iodine for tissues which

have undergone alteration by disease. The tissue thus altered

resembles a foreign body in the organism; the latter seeks to

get rid of it as soon as possible and accomplishes this by
sloughing it off or by absorption, a process which is chiefly

accomplished by the effects of ferments which decompose al-

bumens, as in the case of the activity of the white blood

corpuscles. This view explains likewise the success obtained

with ordinary horse serum in cases of diphtheria. In this

instance there is a non-specific increase of efficiency with an
especial local effect, without a neutralization of the diphtheria

toxin. However, such a treatment of diphtheria should not

be employed except where the regular curative serum is not

at hand, since it is undoubtedly true that the most successful

treatment is that with a specific serum, whose anti-bodies

directly lay hold of the toxins thrown off by the diphtheria

bacillus and make them harmless.

This hypothesis has an extremely important practical ap-

plication in what is known as combination therapeutics, such

for example, as that employed in acute rheumatism of the

joints, e.g., when the diseased joint is first highly stimulated

by the administration of albumen, and at the same time treated

by a specifically acting medicine (in this case salicylic acid).

We may mention also successful experiments in treating

typhus by injections of milk. This may possibly suggest a

way of employing this increase in the efficiency of the de-

fensive elements of the body to protect the latter against the

bacilli of diphtheria and of other maladies, or to detect and

cure latent malaria.

CONDITIONS OF CELL STRUCTURE OUTSIDE
THE BODY.

Cultivation of living tissues outside the organism is being

carried on with great success at the College de France by a

leading scientist, Prof. Champy, and he has already obtained

noteworthy results. As a basis, he employs Dr. Carrel's

method of maintaining detached tissues or parts of organs in

a living state in which their cells also multiply to an indefi-

nite extent. But the present experimenter while making mi-

croscopic observations upon the cells resulting from the growth

of the tissue or organ, came upon an unexpected phenomenon.

According to Dr. Carrel's first results, it was supposed that

the cultivated tissue went on reproducing cells of identical

nature, such as were characteristic of any particular organ, for

instance the thyroid gland. But Prof. Champy observed that

this was not the case, and that the cells resulting from the

cultivation outside the body now lose their specific properties

and become modified, or differentiated, as he terms it, and

now form cells which have all the properties of cancerous

cells, that is, they are cells of an indifferent nature whose
only function is to multiply in an active manner. It may be

asked why a given organ such as the kidney, for instance,

will keep on growing indefinitely and its cells differentiating

at the same time, while within the human body its growth is

limited. While the reason is not known, the fact remains

that in an adult animal a given organ will be maintained in

a certain proportion to the weight of the rest of the body

without exceeding this limit. Should one kidney be removed,

the other thereupon undergoes hypertrophy in order to effect a

certain compensation which tends to restore the balance in

the functions, so that the second kidney can be said to have

had the property of growing to a larger volume, but this

growth was prevented by the presence of the other organ. In

fact, such connected organs and tissues act to limit each

other's growth, and the living organism such as the human
body can be said to have the property of maintaining the

proper equilibrium of the organs by preventing their indefinite

growth. But if this preventive action is suppressed, as when

the organs are detached from the body, the growth will now

continue, and this takes place by the formation of cells which

are no longer of a characteristic nature but are of the class

known as cancerous cells. It will be seen that these researches

throw considerable light upon the question of the growth of

living organs or tissues outside of the body, and will thus

form a valuable contribution to this subject.



The Ancestors of the Sequoias*

Trees Which Have a History of Ten Million Years, and Are Today Passing into Oblivion

By Edward W. Berry
Professor of Palaeontology, Johns Hopkins University

IN
the days when the world was considered to be only about

six thousand years old and when the few known fossils

were considered to be the visible evidence of Noah's flood,

it was scarcely remarkable that no one was interested in tree

ancestors. In these days, however, with the passing of our
virgin forests and the great interest taken in preserving some
of our threatened species from extermination, it is a matter
for surprise that the thought that these noble races of plants

had ancestors is but rarely entertained.

Tree genealogies, it is true, present little of the dramatic

as compared with the wonderful American evolutionary series

of the horses or camels, and yet most of our familiar forest

trees are of more ancient a lineage, and some, like the

Sequoias, go back almost to the birth of the tiny progenitors

of the warm-blooded animals. Although the book of the future

is tightly sealed, that of the past needs but understanding

wedded to imagination to be legible even though its torn

pages are the rocks of the earth's crust.

The chapters of this book of history where the records of

the Sequoia occur are those chapters from late Jurassic time

down the ages to the. present. The entries of the Sequoia

ancestry comprise innumerable leaf-bearing twigs, many cones,

Reprinted from Natural History, July, 1920.
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fragments of wood, and occasionally, as in Yellowstone Park
and at Florissant, Colorado, mighty silicified trunks petrified

into forests of stone and buried by tremendous showers of

volcanic ashes.

Sequoia remains resist decay admirably, so their chances of

preservation as fossils in the rocks are much better than those

of most plants. The cones, especially, are very common in

the geological record, and a favorite method of preservation is

as ferruginated mud casts. I have collected these from the

Lower Cretaceous of Maryland, from the Upper Cretaceous of

Kansas, and from the early Tertiary of Dakota. Cones almost

identical with those of the existing redwood are abundant in

the present arid Bad Lands of western Dakota, denoting very

diffea-ent climatic conditions in that region in past ages.

The earliest known Sequoias come from the late Jurassic.

They first became widespread, however, during the later

Mesozic, radiating from their original home, which was prob-

ably in the Arctic archipelago, southward to western Europe
and North America, and along the eastern coast of Asia.

(See sketch map below at the left. Little is known of

Asia at that time, but North American Cretaceous records are

innumerable, extending from the Atlantic to the Pacific, and

southward to southern Mexico, and there is one record from

MAXIMUM DISTRIBUTION OF SEQUOIAS DURING MDSOZOIC TIMES, THE AGE OF REPTILES (SEE MAP AT THE LEFT), AND
DURING CENOZOIC TIMES, THE AGE OF MAMMALS (MAP AT THE RIGHT)

The two extant species of Sequoia, the big tree and the redwood, unique among trees for age, and size, are the restricted survivors of a once

widely distributed genus. Their dispersal began in the early period (Jurassic) of the previous geological era, the Mesozoic or Age of Reptiles,

and during this age they probably radiated from the Arctic archipelago southward over western Europe, North America, and the eastern coast

of Asia. Twigs, cones, and seeds were left abundantly among the Lower Cretaceous or Comanchean rocks. During the Tertiary period of

the. succeeding Cenozoic era or Age of Mammals, the Sequoias reached their maximum distribution over practically all of Europe and North

America, a large part of Asia, and southern South America. Sequoia langsdorfii, the direct ancestor of the redwood, was predominant in the

great circumpolar forests of the late Mesozoic, and Sequoia magnifica, almost identical with the redwood, left the petrified trunks found in

Yellowstone Park and at Florissant, Colorado. During the cold Pleistocene which preceded our recent geological period, the Sequoias

disappeared except in the Pacific coast area where they are still dominant.
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Argentina, which, if the identification is correct, means a mi-
gration from North America across the equatorial region and
the origin of the Tertiary species found in Chile.

It is during the succeeding older Tertiary, however, that

the Sequoias reached their widest limits of distribution. (See
map on page 207. Europe and North America were
fairly covered at one or another time during this

period. Asia has furnished many records, and
somewhat questionable evidence points to the ex-

tension of the Sequoia range to Australia and New
Zealand. No records for any period of Sequoia

history have been furnished by southern Asia and
Africa, and all of the known Tertiary records are

outside of the tropics and almost exclusively in

the North Temperate and Arctic zones, for Green-

land, Iceland, and Spitsbergen were colonized, as

well as Siberia, Alaska, and the Arctic coast of

North America, during the older Tertiary. Sequoia

twigs are common in the Tertiary coal measures
of southern Chile, as I was at pains to verify dur-

ing a recent visit to that most interesting region.

They are found in Europe as late as the time imme-
diately preceding the Glacial period.

Today the two existing survivors of this ancient

race are our oldest trees ; one might appropri-

ately term them existing fossils. The accompany-
ing figure shows the evolution of animal life wit-

nessed by these ancestral Sequoias. It was printed

fifteen years ago and is republished through the

courtesy of the Scientific Monthly (formerly known
as Popular Science Monthly). The picture owes
its original existence to the creative art of Mr.

Charles R. Knight and the liberality of Professor

Henry Fairfield Osborn, and although our concep-

tions of some of the details of these restorations

have changed somewhat with a better understand-

ing, the drawing will still serve as a dramatic por-

trayal of the past. The millions of years during

which Sequoias have flourished have seen striking

changes in the animal kingdom, from the uncouth

dinosaurs and flying reptiles of the Mesozoic

through the evolving mammals of the Tertiary to

the Age of Man.
Equally great, if less obvious, changes have

taken place in the vegetable kingdom, for the

first Sequoia lived amid a flora of ferns and sycads,

and there were no representatives of the flowering

plants—the mammals of the plant world—in those

far off days. The flowering plants are the most

specialized, the latest to appear, and the dominant
existing race of plants—the race that made possi-

ble human civilization, since all of our food plants,

upon which modern as well as primitive cultures

rest, belong to this race.

I have said nothing of the majesty of this royal

line of trees, nor of their individual size or lon-

gevity. It is a story that has often been told.

The largest of the trees in the Sequoia National

Park had already sprouted before the first Olym-

piad or before Carthage was founded, that is, in

the days of the Judges in Palestine and the first

flowering of the Assyrian Empire. The redwoods

are somewhat more abundant than their brothers,

the "big trees," less massive and shorter lived, but

they are more like those fossil species whose struc-

tures have been investigated. Moreover, they are

more accessibly located, more easily lumbered, as

yet unprotected by law, and hence more in danger of total

destruction.

That we do not treasure the Sequoias or any of our forest

trees sufficiently is a, reflection upon our democracy. I some-

times wish that we moderns were less pragmatic and that

our bump of reverence was less vestigial, for then not only

the redwoods but all of our trees might become as sacred as

they deserve to be, and even a lumber trust might hesitate

to turn these abodes of the gods into waste places. Our forests,

like the stars or the changing seasons, are wonders whose
lessons and value have become dimmed because of long fa-
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CONTEMPORARIES OF THE SEQUOIAS

Above at the right, are shown a series of tree sections illustrating the

growth of a single living big tree (Sequoia gigantea) in relation to human history.

The largest of the trees in Sequoia National Park had sprouted before the first

Olympiad, 776 B. C.

Below is given a partial geological section in which are grouped the animal
contemporaries which have accompanied the Sequoias at various times since

their rise among the great dinosaurs and pterodactyls of the Jurassic. The
Sequoias overtowered and survived the giant reptiles of the Cretaceous, the "dawn
horse" and huge ungulates (Amblypoda and Titanotheres) of the Eocene, the

Brontotherium of the Oligocene, and the rhinoceroses, saber-toothed tigers, and
early primates of the Miocene. In the last-named period they reached their

greatest geographical expansion. The fossil remains, especially the cones, of the

Sequoias are exceptionally resistant, and so render a very complete geological record.

miliarity. If we saw them but once or twice in a lifetime they

would be treasured accordingly.

One has but to dwell in a treeless desert for months to have

awakened within him such a love for the forests as will last

forever.



Knots and Boles on Forest Trees

Causes of the Curious and Varied Formations of Grain in Timber

By Charles E. Chidsey

THE above title represents a phenomenon of forest growth

which by reason of its variety and manifold complexity,

is of interest even to the casual observer of nature.

Many ingenious theories have been advanced to explain the

curious markings in the interior of trees, such as "birds-eye

maple" and others, and the subject engaged the attention of

the great French naturalist, Buffon, who in conjunction with

Duhamel made an interesting investigation which was pub-

lished under the comprehensive title, "Researches Into the

Cause of the Irregularities of the Woody Fiber Observed on

Cutting Horizontally Into a Tree, with Respect to the Ine-

qualities in Thickness, and to the Varying Number of Layers,

Both of the Heartwood and the Sapwood."

Buffon and Duhamel presented an array of evidence in

support of their theory that in my judgment leaves it incon-

testible; and after spending months in studying such growths

at first hand, I have gathered fresh evidence to confirm their

statements. In this paper I have translated the remarks of

the two Frenchmen, following this with an account of my own
observations, illustrated from my own photographs.

After remarking that foresters were not agreed whether boles

and knots were to be found most frequently on the north or

shady side of the tree, or on the southern and shady side,

Duhamel says: "I could add to these observations ninny

FIG. 1. UNUSUALLY LARGE BOLE ON A MISSISSIPPI
LIVE OAK

others, such as Buffon made in Burgundy, and an even greater

number which I have made in the Forest of Orleans, which

show by examination of a large number of trees that the

question of north or south side has nothing to do with the

matter. It is altogether a question of the position of roots

and branches ; the layers of the wood are always thicker on

the side where the roots are most numerous and vigorous.

In this direction the experiments of Buffon are decisive.

"He chose an isolated oak, of which four roots were almost

equal and disposed, one to each quarter of the compass; and
having cut the surface of the earth lie found, as he had sus-

pected, that the center of the layers of woody fiber coincided

with that of the tree's circumference—in other words, that

it had grown equally on all sides.

"This finally convinced us that the true cause of the eccen-

FIG. NATURE AT WORK BUILDING UP A BOLE AROUND
THE STUMP OF A FRACTURED LIMB

tricities of the layers of woody fiber is the position of the

roots, and sometimes of the branches. ... On splitting the

trunks of several trees through the middle, I found that in

some the heart followed almost a straight line ; but in a

greater number, where the wood was more perfect and easily

split, it showed inflections in the form of a zigzag. Further,

in the center of almost all these trees, both Buffon and I

have observed that in a thickness of an inch or an inch and a

half toward the center there were always many little knots, so

that the wood has been found to be entirely free only when of

little thickness.

"These knots arise no doubt from the breaking off of branches

put out in large quantities in the youth of the tree. After

dying these, in time, are covered again, forming the little

knots to which one attributes in part the irregular direction

of the heart, which is not natural to trees. Such loss of limbs

may be attributed to many causes: to starvation of the less

sturdy among a superfluous number of limbs, to the effects of

cold, to breaking by animals, to the force of the wind, etc.

;

and since the heart of such a branch does not correspond with

that of the trunk, there is a change of direction. True, these

branches adjust themselves; but the tree is ever obliged to

nourish some lateral branches in forming its main stem, so

there is always the inflection in the i^eart of the tree.

"We have then observed that the direction of exposure causes

no sensible variation in the thickness of the layers of woody
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fiber; and we believe, when those layers are noticed to be

thicker on one side than on the other, that it came about

almost always from the position of the roots, or from the di-

rection of the branches. These branches may actually have

come forth and been broken off, or not; in any event, their

place was covered over again."

The authors recount many interesting experiments that they

conducted, but I need only quote their conclusions. "These

experiments," they say, "prove that the nourishment borne to

FIG, 3. A RED OAK TREE THAT CONTAINS SIX SEPARATE
TRUNKS, GROWN TOGETHER

one part of a tree communicates itself to all other parts, and
consequently the sap has a lateral movement of communica-
tion. But this lateral movement does not interfere enough
with the direct progress of the sap to prevent it from making
the greater abundance of tissue in that part of the tree, and
to that bundle of fibers, corresponding with the roots that fur-

nish it. This it is that causes the part of the tree corre-

sponding in position with a particularly vigorous root to

profit more than the rest, as may be especially seen in the

trees along the border of a wood ; for here the best roots are

almost always on the open side, away from the other trees, and
this is likewise the side where the woody layers are thickest.

"It also appears from our experiments that the layers of

woody fiber are thicker in those parts of the tree to which the

sap has been borne in greatest abundance, whether from the

roots or from the branches.

"It is this abundance of sap that causes the sapwood to

transform itself the sooner into heartwood ; it is upon this

factor that depends the relative thickness of heartwood and

sapwood in different terrain and in divers species. For the

sapwood is nothing less than imperfect wood, a wood less

dense in order that the sap may traverse it, there to set down
materials to fill the pores and create true wood. That part of

the sapwood through which the sap passes in greatest abun-

dance must therefore transform itself more promptly into

perfect wood; and that transformation, in the same species,

must depend upon the soil."

Such are the theory and experiments of Duhamel and Buffon

on the formation of knots and boles, and incidentally on the

variety of grain found in woody fiber. In order to illustrate

and prove the correctness of their conclusions, I have taken a

series of photographs which I will explain : Fig. 1 is of an

unusually large and interesting bole on a live oak (Quercus

virens) that stands on the bank of the East Pascagoula River.

In the long ago there was a branch or limb which decayed

through disease or injury ; and the tree, seeking to heal its

wound, annually covered it and the protruding branch with

layers of woody fiber. The proof of this is shown in' Fig. 2,

representing an oak about three hundred yards from the first

;

here we can actually see nature at work building a hole on a

tree by laying layers of woody fiber over a wound and a

fractured limb.

Should tree No. 1 be cut down and sawn into lumber that

part of the planks near the base of the bole would present a

texture or grain of unusual variety and beauty, made by the

alternate circles of wood and sap built up over the fractured

limb. These rings of wood and sap are of varying thickness

;

and as the saw passes through them, making a plank, and

cutting through the walls of the rings, we have the alternate

lines of light and dark wood which form the grain of the

wood, and which correspond to layers of wood and sap in the

tree trunk.

In Fig. 3 we have a large red oak, near Pascagoula, Miss.,

or rather a series of oaks ; for this tree is made of six separate

oaks that have grown up together and made one solid trunk.

Some day when this falls and is made up into lumber the mar-

velous beauty of the grain of its wood will attract the notice

of even the least observing.

Fig. 4 shows two pines growing together, which will some

day make a single tree.

Fig. 5 shows seven live oaks grown separately from a single

root. At present they form seven distinct trees ; some day they

FIG. 4. A DOUBLE PINE SHOWING SMALL BOLES WHERE
IT HAS LOST LIMBS

will grow together and form one solid trunk like that of Fig. 3.

In this picture one can observe on the trunks of the center

trees small boles that were made by decaying branches, leav-

ing a hollow which the tree is cicatrizing, and which in course

of time will be a large bole and give variety to the marking

of its grain.
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EVAPORATION OK OASOLINE KKOAI (MM'DE
PETROLEUM

While engineers, chemists and automobile men throughout

the country have been bending their best efforts toward de-

veloping some liquid fuel as a substitute for gasoline to meet

the ever increasing demands of the fast growing automotive

industry, the United States Bureau of Mines comes forward

willi the declaration that the entirely preventive losses in

the evaporation of gasoline from crude petroleum from the

time the petroleum leaves the wells until it arrives at the

refineries reaches a total of more than 300,000,000 gallons each

year, or sufficient to keep 1,200,000 automobiles in commission

for a year if each

car uses 250 gallons

of gasoline.

These, according

to the Bureau of

Mines, are merely

the preventive
losses from evap-

oration alone and

do not take into

consideration other

losses, many of

which in part may
be avoided. The to-

tal loss from evap-

oration amounts to

more than 600,000,-

000 gallons of gaso-

line for the country,

according to the in-

vestigations of the

bureau, which has

calculated that one-

half of this, or

300,000,000 gallons

of gasoline, may be

saved.

The worst fea-

ture of this is the

fact that the gaso-

line wasted is the

most volatile and

consequently the

best quality of gas-

oline obtainable. It

follows that the

prevention of this

loss, which is eco-

nomically possible,

would not only in-

crease the gasoline

supply materially

but would also in-

crease the general

standard of the gas-

oline.

The Bureau will

issue, shortly, care-

ful directions to the oil men as to how this deplorable situation

may be remedied. It is estimated by the Bureau that the

600,000,000 gallons of gasoline lost through evaporation each

year is worth as a national asset about $150,000,000.

J. O. Lewis, petroleum technologist of the Bureau, in his

statement on these losses, says : "At a time when there exists

so much apprehension in regard to the gasoline situation, it is

comforting to learn of any ways in which the supply may be

increased. In an intensive effort to find ways of increasing

and improving the quality of gasoline, the Bureau of Mines

has made an investigation of the losses of gasoline by evap-

oration from the crude oil in the field. Extensive experi-

ments and Investigations In the principal fields have disclosed

that a great quantity of the gasoline now escapes into the air.

This can be conservatively estimated at about 20 per cent of

the gasoline in the crude oil. Furthermore, probably half of

this, at least, can be economically recovered, and this quantity

will not only increase our supply but improve its quality

somewhat.

"From the time that the crude oil reaches the sur-

face of the ground at the well, the oil passes through

a series of tanks and pipe lines until it reaches the

refinery, sometimes thousands of miles away. In the course of

its journey the oil is exposed to sun and air, and the gaso-

line, being very

volatile, vaporizes

and escapes in-

to the atmo s-

phere.

Notwithstanding

it has been general-

ly known that such

losses occur, no one

up to the present

lime has called at-

tention to their
magnitude. The
methods of han-

dling crude oil in

the field have

grown up from the

time when gasoline

was a drug on the

market, and there

was consequently

no incentive for

conserving it. Un-

til recently no one

stopped to consider

whether the meth-

ods devised for con-

ditions twenty and

thirty years ago

were still satisfac-

tory for today."

PIG. 5. SEVEN LIVE OAKS FROM A SINGLE ROOT, WITH SMALL BOLES ON
THE CENTER TREES. SOME DAY THEY WILL HAVE GROWN TOGETHER

INTO A SINGLE TRUNK, LIKE THAT OF FIG. 3

NEW VULCANIZ-
ING PROCESS
Me. S. J. Peachy,

of the Manchester

College of Technol-

ogy, has found that,

by exposing rubber

alternately to the

action of sulphur

dioxide and hydro-

gen sulphide, it be-

comes rapidly and

completely vulcan-

ized, even at the

ordinary tempera-

ture.

The process appears to be of fundamental importance for

the following reasons: (1) It is a true sulphur vulcanization.

(2) It eliminates the use of heat, and to a great extent the use

of mechanical pressure. (3) It employs two gases which can

be produced on a large scale cheaply. (4) It is rapid in

action. (5) It enables the manufacturer to employ organic

filling agents. (6) Coal tar dyestuffs and even natural dyes

can be introduced producing delicate tints and shades hitherto

unobtainable. The process can be extended to the vulcaniza-

tion of rubber in solution.—Abstracted by Tlie Technical Re-

view from Optician and Scientific Instrument Maker, July 2,

1920.
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A TERMINAL NEAR FERNANDO, OP THE LOS ANGELES AQUEDUCT, WHICH SUPPLIES WATER TO MANY CITRUS-FRUIT
GROVES

California's Citrus Fruit Industry
How the Citrus Growers of California Combined to Place the Industry on a Paying Basis

By Robert G. Skerrett

IMAGINE three parallel rows of boxes spanning the conti-

nent from the Atlantic to the Pacific and you get a mental

picture of the twenty-odd million cases of oranges and
lemons shipped out of California in the course of a twelve-

month. Not only that, but this outpouring of luscious fruit

instead of being merely a seasoned tribute to our exacting

palates is a year-round source of delight.

Strange as it may seem, recognizing the splendid present

proportions of the citrus-fruit industry of the Golden State,

the business has in the main been built upon a freak of nature.

Just about a century ago there developed in the Brazilian

village of Bahia an exceptional type of orange, conspicuous

by reason of its many excellent qualities—among these an

absence of seeds. It was subsequently found possible to re-

produce the kind by grafting the proper buds to other trees,

and, in time, the fame of the species reached William Saunders,

then in charge of the propagating gardens of the U. S. Agri-

cultural Department in Washington.

Through the aid of a missionary stationed at Bahia, Mr.

Saunders had sent to him in 1870 a dozen of the trees bearing

the unique fruit, and while these imported orange trees

had a short life still they survived long enough to permit

their multiplication through careful grafting. Two of these

American-grown trees—which were carried to California in

1873—are today still producing their wonderful fruit, now
commonly known as the Washington navel orange ; and from

the stock introduced by the Government expert has come the

many thousands of acres now yielding annually an immense
golden harvest. According to the latest figures, the California

groves send broadcast yearly a matter of quite 30,000 carloads

of navel oranges.

Now the navel orange ripens so that it can be picked, packed,

and djstributed from November until May of each year; and a

knowledge of this fact has led many people to conclude that

oranges bought, later on are fruit that has been held in cold

storage, and, therefore, less desirable. Here is where the Cali-

fornia grower has met Nature half way and found it practi-

cable to cultivate another variety, the Valencia, which matures
so that it is ready for the market from May until November

—

thus furnishing another source of supply which assures us
fresh oranges every month of the year. The Valencia variety

originated in the Azores and actually reached our shores about
the same year that the first of the navels were brought north

from Brazil. Indeed, the pioneer Valencia trees were planted

in California somewhere around 1872, but their propagation

did not gain commercial prominence until rather recently. For
a long while, the seedless character of the navel made so

strong an appeal that most efforts were centered in satisfying

the popular demand for that particular fruit. But the un-

wisdom of this course became apparent when those active in

the citrus industry realized that the business would be a

much better balanced one if the market could be maintained

summer and winter.

Then it was that the virtues of the Valencia stood forth.

Some decades of experience had proved that species to be very

juicy, richly flavored, and in most respects quite the equal

of the navel. While not generally seedless, the Valencias

commonly have only from three to six seeds, and are out-

wardly to be distinguished by their paler color and the lack

of the peculiar formation at one end which marks the navel

orange. In a normal season California ships 15,000 carloads

of Valencias, and, in addition, 2,400 carloads of other varieties,

such as the Mediterranean Sweet, the Blood, the St. Michael,

and Seedlings.

Substantially all of the lemons grown in this country come

from California. Prior to the severe freeze of 1894, which

wrought havoc among the citrus orchards of Florida, that

State contributed a share of our lemons. Since then, in addi-

tion to our native-grown fruit, Italy and Sicily have sent us

lemons, the bulk of which has been absorbed in the markets of

the Atlantic States. California lemons have, nevertheless,

steadily reached farther and farther east, and ordinarily fully

two-thirds of the domestic supply is produced there. The

yield from those sun-kissed groves averages an annual ship-
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ment of 9,000 carloads, and the output is on the increase.
There are today 22,651 acres planted to lemons and bearing,,
while there are 16,799 acres on which the trees have not yet
reached the fruiting stage.

Science has lent its aid generously to the development of
the California citrus-fruit industry ; and what might be called
efficiency engineering applied to agriculture has done its full

part in bringing the enterprise to its present high plane. The
story is a heartening one, for it constitutes an example of
success-- in the face of impending disaster. But let us confine
our story first to the trees, per se.

The primary problem, of course, is to obtain hardy basic
stock capable of making the most of the California soil and
able to hold its own well against parasites and disease-inducing
spores or scales. To this end, orange seeds are secured from
carefully selected seedling oranges of healthy, sturdy type,
and planted closely in the rows of a specially prepared bed.
The resulting plants are left to grow as a rule for a year, and
then the most promising of them are transferred and set
out in a nursery. Here they remain another twelve months;
and when the trees are two years old they are grafted or
"budded" agreeably to the fruit-bearing variety desired. The
matter of choice of the buds is of prime concern, and at this

point actual knowledge, not guesswork, figures conspicuously.
Prior to this time, tie orange grower has been watching all

of his trees, if he is up to date in his practices, and he has
a record of each one of them and knows how much it yields in

the course of a season as well as the quality of the fruit. From
the best of these trees he selects buds for grafting upon the
seedling stock in the nursery. The bud from the pedigreed tree

is inserted in an incision which is made in the bark of the
seedling about four inches above the ground, and when the graft

has "taken" the top of the young tree is removed. From the

bud grows a shoot which eventually becomes the entire upper
structure of the tree; and quite regardless of the kind of the

root stock, the tree will produce oranges according to the

variety of the bud. The dominating nature of the bud is

strikingly evidenced in the case of the lemons cultivated in

the Golden State.

In California, strange as it may seem, lemon trees are ob-

tained by grafting lemon buds of the desired species to. hardy
orange root-stock—the orange seedlings being raised from
the seeds of fine parent trees. Thus the rugged roots and in-

herent strength of the orange tree form the foundation for

the superstructure of the high-quality lemon bearer. With
the lemon trees, as with the orange trees in a grove, it is the

custom to rebud and to lop off the top of any tree that does

not measure up to standard. In this way it is possible to get

rid of "slackers" and to graft them anew with the buds of a
profitable and superior strain. In determining these charac-

teristics, the suitability of the fruit for commercial purposes is

given due weight, and regard must be had to the manner in

which the oranges and lemons stand transportation to the

widely scattered markets to which they must be sent.

An orange tree generally begins to bear paying crops six

years after planting. . The production increases as the tree

becomes larger and older; and a well-regulated orchard usu-

ally attains its full-fruiting stage in about a decade. Lemon
trees rarely yield at a profitable rate before they have reached

their seventh or eighth year, but from that time on, if they

are of pedigree stock, they bear abundantly. In fact, the

lemon tree never rests. It blossoms the year round, and,

therefore, displays buds, blooms, and fruit, both green and
ripe, at the same time. From the day a blossom sets until the

lemon is large enough to pick there elapses usually a period

of about nine months. The citrus trees are planted in rows
arranged so that the soil about them can be cultivated in

four directions; and there is an average of 305 trees to the

acre. There are 175,000 acres devoted to orange growing and
39,450 given over to the raising of lemons in California. All

told, the orchards have a flourishing array of 22,500,000 trees.

During the dry season the orange and lemon groves are irri-

gated every thirty days, the water for this purpose being dis-

tributed in furrows made by special implements between the

rows of trees—the number of these furrows depending upon

the age of the orchard. After each irrigation the soil is thor-

oughly cultivated to conserve the moisture. Irrigation en-

tails a heavy outlay, for in some cases the water has to be

brought a distance of a hundred miles, and the charge per

acre may run up as high as $40 annually. And then there are

other expenses directly incident to the preparation of the

ground and the protection of the trees.

Whether the orchard be used for the growing of oranges or

lemons it is necessary to exercise a great deal of care through

the agency of systematic pruning to assure the proper up-

building of the frame of the individual tree. This begins the

first year after the citrus sapling is set out in the grove and

continues for the remainder of its life. Pruning has for its

purpose the encouragement of stocky main branches strong

enough to carry the weight of the fruit without breaking or

swaying violently in the wind. It also serves to stimulate the

growth of fruit-bearing wood all over the tree, especially on

DESTROYING PESTS WITH HYDROCYANIC ACID GAS
The trees are covered with canvas, then the gas is pumped into

these envelopes and allowed to act for three-quarters of an hour.

WASHING OFF INSECT PESTS AND FUNGUS GROWTHS
Prior to shipping the three-year-old trees are scrubbed with a

lather filled with a suitable germicide.
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the inner branches, which produce lemons and oranges of the

finest form and texture.

Spraying for some insect pests, sulphuring and spraying for

other insects and fungus must be resorted to to safeguard

the groves from destructive attack; but the Bureau of Ento-

mology of the U. S. Department of Agriculture has effectually

relieved the orchard growers of one exceedingly menacing-

pest, thanks to the scientific research that led to the intro-

duction of the Australian ladybird. The fluted scale threat-

ened some years back the utter destruction of the orange in-

dustry in the West. Then, an explorer, sent by the Bureau to

the Antipodes, discovered the scale's natural enemy in the

form of a little spotted beetle native to the southern hemisphere.

Since the importing of this tiny creature the fluted pest has

been practically eradicated, and our citrus growers in Cali-

fornia are saved many millions of dollars each twelvemonth.
But there are scales that cannot be held within check ex-

cept by means of fumigation. This is accomplished by covering-

each tree with a canvas bag or tent which is then filled with

hydrocyanic acid gas, and the fumes left to do their work
for a period of about three-quarters of an hour. It is said

that an orchard once properly fumigated will remain clean

for three years before it is necessary to repeat the operation

;

and it seems that by this method a grove can now be kept

free from scale at a cost far below that formerly possible.

As far back as eight years ago, when this system of gas war-

fare was in its infancy, so to speak, a single grower stated that

he had been able in that way to save a quarter of a million

dollars.

In the wintertime, when there is occasional danger from
frost, the temperature in the citrus orchard is kept above the

danger point by lighting coal, charcoal, oil, or wood heaters,

which are placed between the rows of trees. The damage
to fruit buds by frost is more apt to be severe when the sun's

rays, following a night of cold, are allowed to fall upon the

m*i
-

CUTTING AWAY THE TOPS OF UNDESIRABLE TREES AND
GRAFTING THEM WITH PEDIGREE BUDS

trees. To prevent this sudden change from freezing to thawing

a system of "smudging" was resorted to about 1908, based

upon a series of experiments made by an eminent Frenchman.

The principal involved is to create a smoky veil which will

serve the twofold purpose of preventing the radiation of heat

from the earth's surface at night and of shielding the fruit

buds from the sun's rays during the early hours of the day.

Needless to remark, to get the best results from the fruit

trees, it is essential that the soil be well and abundantly fer-

tilized; and the measure of this plant food increases as the

trees wax older and yield more generously. Taking the aver-

age price of land in California suitable for citrus culture,

together with the cost of planting, irrigating, fertilizing and

the care necessary to bring a grove to the age of seven years,

PICKING LEMONS, RIPE OR GREEN, WHEN THEY ARE
FROM 2*4 TO 2 5/16 INCHES IN DIAMETER, AS DETER-

MINED BY A MEASURING RING

the total outlay ranges between $1,000 and $1,500 an acre.

The annual expense of properly handling a bearing orchard

runs from $200 to $275 an acre. These facts and figures

give the consumer some idea of the money which must be spent

by the grower in order to get and to maintain his trees in a

profitable condition. And now we come to the administrative

side of this industry-

About thirty years ago, the California orange and lemon

business was confronted by a gloomy outlook. Each season

the crop increased beyond the ability of the many small dis-

tributors to market it successfully. The fruit was carelessly

handled, irregularly graded, packed in a haphazard way, and

shipped hither and thither to the market without any intelli-

gent and coordinated plan of distribution. The fruit kept

badly, markets were alternately over and under supplied,

prices to the consumer were high, and the risks were rapidly

becoming such as to discourage both merchants and growers.

Had this state of affairs continued much longer orchard own-

ers would have had ample reasons for turning their groves

over to other purposes, and the nation at large would have

been able to obtain but few oranges at any price.

In 1893 the much-perturbed growers held a convention and

rationally decided to tackle their marketing problem collec-

tively. Packing houses were built by associations of growers in

the different districts where the fruit could be prepared for

market and arrangements made to dispose of the product

through a central organization. In this way was born the

California Fruit Growers Association, which is handling today

a tremendous volume of business with greater ease and more

success than was possible when the State was shipping yearly

only 15,000 carloads of fruit! It is not the purpose of this

article to go into the details of this splendid example of col-

laboration which has virtually revolutionized, through its va-

rious activities, well-nigh every department of the cultivation

and the sale of oranges and lemons. The farm value of the

two staple fruits, so skilfully dispatched that they will always
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meet local needs without inviting a glut, readied last year a

total of more than a hundred million dollars ! And how do
these Californians accomplish these amazing results when
dealing with decidedly perishable commodities? The answer
is by exercising the utmost care at every stage of the mani-

fold operations.

The growers seldom pick their own fruit. This is commonly
done by crews composed of people trained to the work who go

from grove to grove. Years ago the growers learned that

abrasions of the fruit skins permitted the entry of decay

spores just as disease germs infect a wound. Accordingly, an

orange or lemon must be clipped so as not to cut either the

peel or the "button" on the stem end. Neither should the

stem be left long enough to puncture the skin of another fruit

with which it may come in contact. The picker must re-

move the fruit from the tree in a way to avoid scratching it

on the limbs or branches, and he must place it deliberately

in his sack to make sure of not bruising it. Bruising promotes

spoiling.

After a picker has filled his sack he next places the fruit in

field boxes. This he does by lowering the sack into the box,

unbuttoning a flap in the bottom of the bag, and then lifting

it cautiously so that the fruit will roll out gently. The field

boxes are ingeniously designed to eliminate danger from pro-

truding points and to avoid crushing the fruit. As an added
precaution the field boxes are dipped from time to time in a

special antiseptic solution to neutralize any lurking harmful
germs. All pickers use gloves to prevent their fingernails from
cutting the skins: and their clippers are inspected daily to see

that they are in proper condition.

When hauling the fruit to the packing houses, the oranges
and lemons are loaded on wagons having springs and are

covered with tarpaulins to protect them from the sun. At
the packing house each grower receives credit for the num-
ber of field boxes delivered by his people, and later, when
the fruit is graded and sized, he is given a statement showing
the number of packed boxes or the number of pounds of each

grade- and, sometimes, of each size, which he has sent. At
most packing houses it is the custom to inspect several field

boxes from each load to make sure that the picking has been

well done. As each picker places a tag or some designating

mark on his field boxes it is possible to locate quickly those

responsible for faulty work.

The first operation in the packing house is to clean the fruit,

and this is effected by putting the oranges and lemons through
washing machines where soft brushes and clean warm water
do the trick. The bristles of the revolving brushes are ar-

ranged spirally so that they keep the fruit moving onward
the while. After leaving the washing machine, the fruit is

passed under a cold shower, and then is conveyed automat-

ically into the drier. In their course through the dryer,

the oranges or lemons ;nv continually exposed to a strong

blast of air, and they thus reach the grading table perfectly

dry. From the start of the washing to the exit from the

dryer there is an interval of about thirty minutes.

In the case of lemons, which are picked both ripe and green,

the "greens" are placed in storage rooms to cure and only the

yellow fruit are graded immediately and made ready for

shipping. At the grading table all of the oranges or lemons

are examined by experienced operatives who assort them ac-

cording to prescribed standards. This is expert work. The
graders stand before an endless belt on which the fruit is

carried along, and they pick out the various grades—deter-

mined by form, texture, and external appearance—and put

them on other belts which take them to their respective bins.

Size is not an outstanding factor in this part of the prepara-

tory handling.

From the bins the fruit are fed to automatic weighing

machines and thence to sizers which assort them mechanically.

The sizer consists fundamentally of a twin arrangement of

long rollers, placed slightly out of parallel—the point where

the lemons or oranges first come upon them being closer to-

gether than the far end. The rollers thus form a tapering

and widening runway, and the fruit drop through into bins be-

low when they reach a place between the rollers ample

enough to permit this. The rollers keep the fruit in motion,

and they turn upward and outward so that there is no tendency

to wedge and squeeze the oranges or lemons between them.

The bottoms of the bins beneath the sizing machine are of

tightly stretched canvas in order that the falling fruit will not

be bruised.

Having been sized, the fruit is carefully wrapped and

WASHING LEMONS IN A MECHANICAL WASHER BEFORE
THEM SO AS TO ELIMINATE DISEASE SPORES

SORTING SORTING ORANGES ACCORDING TO FORM,
SKIN-TEXTURE AND COLOR
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PUTTING ON THE COVERS WITH A NAILING MACHINE ONE OF THE BOX-MAKING MACHINES

placed in boxes for shipment. The packers are generally

women who become remarkably skilful and speedy, being

able to pack anywhere from 50 to 75 boxes of average size

oranges, for instance, in the course of a working day. Like the

graders, the packers wear soft gloves. According to the size

of the oranges, a different geometrical arrangement is neces-

sary to get the right number in every box. Thus, a crate of

prime fruit may contain 96, 126, 176, 216, etc., oranges. A
box oi lemons will hold anywhere from 180 to 540.

The crates are made by an ingenious machine ; and after

packing the covers are secured by a nailing apparatus, great

care being exercised in seeing to it that the fruit is neither

crushed nor bruised in the process. Next, the filled boxes are

piled on the floor of the packing house according to sizes and

grades of their contents, and are then ready to go into the

iced cars for shipment or into the pre-cooling room before being

loaded for transportation. This part of the industry is of

prime importance for upon it hinges the successful carriage

of fresh fruit for long distances. It should be remembered

that the full transcontinental trip requires under normal con-

ditions from 12 to 14 days, and during the run the perishable

merchandise are raised a vertical distance of more than two

miles—encountering in transit radically different atmospheric

conditions. The object of refrigeration is twofold—to delay

ripening and to arrest any action tending to decay.

It is not possible in this article to discuss at length the

exhaustive research leading up to the present pre-cooling and

refrigerating practice employed by the California growers of

citrus fruit. There are parts of each year when mere ventila-

tion and the icing of the car will suffice, but there are other

seasons when the fruit must be both pre-cooled and refriger-

ated during its railway journey. The layman may not real-

ize it. but it takes considerable time to cool fruit which is

wrapped in paper and tightly packed in boxes. It may re-

quire several days to lower the temperature of the fruit suffi-

ciently to retard ripening and decay. It has been found that

oranges and lemons can be exposed for several hours, when

wrapped and packed, to a direct blast of air many degrees

below the freezing point of the fruit without actually inviting

freezing ; and it is not hard to understand how a snugly filled

car will offer difficulty in causing the chilling to thoroughly

penetrate all of its contents.

Pre-cooling is generally done by mechanical means, either in

a warehouse or cold-storage plant before loading or after the

fruit is placed aboard the cars. In the latter case this is ac-

complished by forcing large volumes of very cold air through

the vehicles, thus reducing the temperature of the fruit much
more rapidly than by means of ice alone. Pre-cooling may
also be effected before packing ; and when this is practicable it

is comparatively easy, because there is a chance for a better

circulation of the air around the fruit. The California pre-

cooling plants are big establishments, and are typically up

to date in every particular. Pre-cooled fruit may be loaded

more closely and heavily, thereby increasing the carrying

capacity of the cars and consuming less ice en route.

Such of us as have reveled heretofore in the luscious

oranges and lemons of the Far West can now better understand

and evaluate the science, the skill, and the commercial acumen

which have combined to make our enjoyment possible.

COOLING THE LOADED CARS BY BLOWING IN BLASTS OF
COLD AIR
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AT THE LEFT, AN OOCYST FROM THE STOMACH WALL OF AN INFECTED MOSQUITO DISCHARGING ITS MALARIA ORGAN-
ISMS, THE SPOROZOITES (AFTER SAMBON) ; AT THE RIGHT, THE DEVELOPMENTAL CYCLE OF THE MALARIA PARASITE

The Malaria Parasite
How the Mosquito Actually Carries the Germs of Malaria

By Bruce Mayne
Biologist, United States Public Heatlh Service

SLOWLY yet certainly the cold, calculating forces of science

are unearthing or bearing to earth the obscure and invisi-

ble parasites of human disease. These are revealing them-

selves one by one through the relentless though uncanny
methods of the investigator who, while bowing to Nature's

laws, is no respecter of her hidden truths which must be

brought to light to be weighed and analyzed. Science, strug-

gling through superstition and doubt, is carried to defeat in

one generation only to come triumphant through the next.

In this manner only recently has come to light the true cause

of yellow fever, that awful, devastating malady that is still

exacting toll from the unwary, insanitary peoples of the earth.

The announcement recently of the discovery of a spiral formed

organism associated as the cause of this disease reminds one

that yellow fever was conquered only by following the dicta

formulated through experimental research with a kindred dis-

ease—malaria.

Until the true cause of malarial fever was discovered in 1880

numerous theories on the origin of the disease were promul-

gated by the medical profession. Among these, the most

acceptable was that proposed by an Italian scientist who main-

tained that a germ named Bacillus malariae, which was con-

stantly present in the mud of marshes, was the cause of the

disease in man. Other theories, half-baked and fanciful, were

proposed in support of the ancient opinion that bad air and

bad water were the natural lurking places for the germs which

made the human victim shiver and sweat in the paroxysm of

the ague. However wrong these views may seem to us now,

we must admit that the haunts in which the disease had its

origin were known as well as feared by the ancients and that

the Italian name for the disease, malaria (mala-aria—bad air),

holds to this day.

Even so recently as ten years ago certain medical text-

books affirmed, and even unthinking physicians today accept,

the notion that drinking polluted water may give one malarial

fever. And despite the advances of scientific medicine certain

others are still skeptical that the bite of an infected mosquito

is the only way whereby the disease can be propagated. One

modern author advances the hypothesis that mosquitoes nor-

mally feed on plant juices and infect plants by stinging them
with the mouth proboscis in the same manner in which the

human blood is infected. It is alleged that such vegetable

material eaten uncooked would cause in the human host

malarial fever through the gastro-intestinal tract. The same
medical writer believes it possible to contract the disease in

two other ways: namely, drinking water in which malaria-

infected mosquitoes have laid their eggs and died, and by
breathing air laden with the germs malaria-infected mosqui-

toes have disseminato-d.

However, these views have been condemned by the careful

student of parasitology and the most modern conception of the

problem is bound up in the application of experimental proof.

It may be pointed. out that in contrast to our skeptics in science

many wild tribes in tropical countries have long been ob-

served to protect themselves and their live stock against the

bites of mosquitoes, for it was a popular belief that these

insects were somehow responsible for the propagation of

tropical fevers. Yet the scientific world discredited this be-

lief of the uncivilized man until nearly the beginning of the

twentieth century, when the combined observations of the

founders of modern tropical medicine had established in all its

fascinating detail the fact that the mosquito is the constant

and necessary vehicle of malarial infection.

But only recently medical text-books are unanimous in ac-

cepting the claims of the modern scientist that the microorgan-

isms harbored by certain mosquitoes have been ingested with

the blood from an individual sick with malarial fever. This

was announced for the first time fully seventeen years follow-

ing the determination of the causative parasite in the human
blood. The credit for this important discovery is given to Sir

Ronald Ross, a British military surgeon, who in 1898 com-

pleted his brilliant researches which demonstrated completely

the development of the malaria parasite outside of the body

of the human host within the mosquito which perpetuated the

disease. Ross was able to follow the cycle within the insect

until the parasites harbored were in such a developed form as

to be suitable to infect new red blood cells when the mosquito

bit another human victim.

217
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Abundant proof of this has been furnished from time to time

and ample confirmation of the r61e of the mosquito in malaria

dissemination supplied through the medium of experimentation.

More than sixty well authenticated cases of mosquito inocula-

tion of human volunteers have been recorded. Sixteen of these

experiments were conducted in the laboratories of the Federal

MASS OF MALARIA ORGANISMS IN A PORTION OF A DROP
OF BLOOD MAGNIFIED 1,200 TIMES

Health Service under the writer's personal supervision so

that the complete story of the part played by the mosquito in

the spread of this dread scourge can be told from actual ex-

perience.

In order intelligently to appreciate the role that the mosquito

assumes as a vehicle of destruction, it is necessary to describe

the condition of the blood in the patient and how he functions

as a carrier of these pathogenic organisms. To find these para-

sites one must examine the blood of a patient suffering from

an acute attack of intermittent fever. This is done by draw-

ing oh a glass slide a droplet of blood from a finger or the ear.

lobe pricked with a surgical needle and examining it by means
of a fairly powerful microscope. In this connection, when he

views for the first time the germs of the disease which have

invaded the human blood cells one can appreciate the thrill

of the scientific voyager and share the prophetic vision of the

discoverer, the French army surgeon, Dr. Alfonse Laveran.

It was a memorable day for Dr. Laveran when, in a French

Algerian military hospital, examining with unbounded patience

the blood of the victims of the dread scourge of northern

Africa he discovered that the cause of malaria was a living

organism which destroyed the red blood corpuscles and trans-

formed their contents into toxic substances, giving rise to the

classic symptoms of the disease. He had been perplexed a long

while in observing one of the minute Amoeba-like specks,

which were then believed to be nothing more than degenerated

corpuscles, when suddenly the cell projected several long,

slender filaments which began to move about very actively,

lashing and displacing the surrounding corpuscles. This was

accompanied by a peculiar turmoil of the brassy black granules

within the cell. Thus was revealed the animate nature of

these bodies and was proclaimed the real cause of the febrile

disturbance in the patient's blood.

With the discovery of the true cause of malarial fever by

Laveran in 1880 the importance of the Protozoa in the field of

pathology has never ceased to grow. It was early recognized

that the methods of research in the pathogenic Protozoa could

not be the same as in bacteriology. These forms have not the
same simplicity as the bacteria for in this realm of plant life

we know only one single, constant fixed form and the individual

organism does not experience a life cycle. With the Protozoa
which are associated in human disease the majority go through
a cycle in their existence whose successive forms may be very
diverse and the transformation may be completed not in a

single host, but often in two different ones. Thus it becomes
necessary _ to reconstruct the biology of a parasite common to

man and the mosquito.

Now to get back to our personally conducted tour—it may
be noticed in our examination of the drop of blood that in a
certain number of the red corpuscles there appears a tiny

whitish form continually altering its shape much like a gas
flame flickering within its glass globe during a gust of wind.

These movements of the parasite are called amoeboid because

they characterize the movements of the Amoeba, the simplest

member of the animal world, consisting of a single cell of

living protoplasm. And although it has no constant definite

shape, the Amoeba in this instance can assume a threadlike

fineness and pierce into a red blood corpuscle as it migrates,

after its function of corpuscle annihilation, from cell to cell in

the blood stream. Some hours later the parasite in its meta-

morphosis will have increased in size elaborating minute brassy

black grains called pigment granules, the product of the

haemoglobin, the substance contained in the red corpuscles

which the parasite is constantly engulfing with its jelly like

body. These pigment granules gradually become shifted toward

the center and help to give the parasite a daisy like appear-

ance when it has finally broken up into a number of segments.

When this rosette like arrangement is perfected the red blood

corpuscle bursts open like a seed pod and the segments, form-

ing new parasites, escape into the blood stream and are able

to penetrate new red cells. Thus the life process is repeated

and when the new invader has grown to about the size of the

corpuscle and exhausted all its food stuff the partition of the

new organism progresses indefinitely as before.

This cycle of development in the parasitic Amoeba, which has

taken place wholly within the body of the human host during

forty-eight to seventy-two hours, gives rise to definite clinical

symptoms of the disease and when at least twenty-five mil-

SPOROZOITES FROM A LOBE OF THE SALIVARY GLANDS
OF AN INFECTED MOSQUITO

lions of these invaders are present a paroxysm of chills and

fever results. After two or more of these paroxysms when
several generations have passed during the growth of the in-

vading organisms, an examination of the blood reveals peculiar

forms assumed by numbers of the parasites. They appear
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as blunt ended crescents with transparent bodies and clumps
of black granules in the center. In others, depending on the

species of the malaria parasite, these bodies are quite ovoid,

resembling the matured forms preceding segmentation. They
are now the resting spores or gametes and like the spores of

the bacteria, are able to survive in a quiescent state the un-

favorable conditions of growth in the living medium.
It is now high time for the villain of the piece to enter, for

it is during this period of passive life that the gametes require

some external vehicle for continued development. This is

offered in the ideal form by a preying mosquito which, invad-

ing the haunts of man at dusk, chances to draw its fill of

blood from a parasitized person. It is necessary for the com-

pletion of our story that this mosquito be a female belonging

to the genus Anopheles, with spotted iridescent wings and
long delicate palpi. The protozoan malaria organism seems
to have a peculiar affinity for insects of this sort, for thus far

no other genus has been found capable of cultivating them.

The dormant parasite thus enjoying a change of host suddenly

awakes to renewed activity, changes its form from crescent to

round throwing out long filaments which leave the body of the

cell and are seen to attack organisms of the opposite sex which
in natural course of favorable development are penetrated and

fertilized. After fertilization, within the stomach of the mos-

quito the new parasite transforms, becoming more elongated.

Then acquiring movement, it is enabled with its spiked end

to pierce through the several stomach linings of the insect,

finally lodging on the muscular wall of the organ, assuming

a globular shape. It soon becomes encysted, though still able

to partake of the generous blood supply that accompanied it

when it was taken within the gnat's interior.

The cyst now organized becomes enclosed in a structureless,

transparent capsule growing to many times its original size.

In a fully parasitized Anopheles the entire stomach wall ap-

pears festooned with tremendous numbers of these tumor-

like masses of protoplasm which break up into a number of

tiny spheres. Minute spiny processes appear on these seg-

mented spheres which, growing longer separate from their

attached cells, appearing as prickly filaments within a sac.

Then the membranous sac or capsule bursts and these filamen-

tous, spindle shaped organisms, the sporozoites, stream forth

like a school of tadpoles into the body cavity of the mosquito.

NORMAL, APPEARANCE OF THE SIX LOBES OF THE
SALIVARY GLANDS DISSECTED FROM THE

MOSQUITO'S THORAX

It is now a speculation as to the behavior of these bodies,

but we know that somehow the sporozoites are carried by the

body juices of the insect to its salivary glands, where they

establish themselves, mixing with the saliva of the host.

When the mosquito bites a healthy person it injects with its

saliva a great number of these very active new parasites, the

sporozoites which are introduced to begin again the rejuve-

nated, endless cycle. These sharp ended bits of protoplasm
begin the struggling by first penetrating red blood cells,

doubling end to end, shaping themselves into rings, each of

which develops rapidly into a jelly like Amoeba, the shapeless,

active form in which it entered its parasitic career within the

blood of the human host.

Thus we have rehearsed a typical biological cycle of ten days

STOMACH DISSECTED FROM A MALARIA INFECTED MOS-
QUITO SHOWING THE TUMOR LIKE MASSES OF OOCYSTS.

Each round mass is filled with numerous filamentous sporozoites.

with stages of growth characteristic of a disease producing

parasite. It would be logical at this juncture to discuss some

of the essential factors which retard or accelerate this bio-

logical development. And the first that comes to mind, the

most influential in the life of any organism, is the factor of

temperature. Temperature has both an internal and external

influence in association with parasitic life in the mosquito.

There is a period which is critical during the time of the fer-

tilization of the human blood parasite in the mosquito's stom-

ach, for it has been learned that this process does not take

place if the temperature falls below 60°F. Even should fer-

tilization be successful, the temperature conditions must be

favorable until the time of the development of the forms which

after leaving the stomach will lodge in the salivary glands

and escape through the suctorial mouth.

Finally, the round of parasitism must be completed in the

seeking of a human host, the biting of whom must be ac-

complished at a temperature not much under 65 °F. It should

be noted in this connection that malarial fever does not exist

where the average summer temperature falls below 60 °F. ; then,

too, a temperature between 60° 65 °F. must be maintained for

the parasite of malaria to develop in the mosquito. It is on

this account that the malaria organisms are killed off during

the cold days of winter ; and although the mosquito lives in a

dormant stage, it emerges from its sleep as innocent of

carrying disease germs as though it had just emerged from its

watery cradle in a preceding stage of life. We must note in

passing that it is "man's inhumanity to man" that is alone

responsible for perpetuating the disease during the hibernat-

ing period, for he is the true winter carrier of malaria

parasites; and the finger of scorn must be withheld from the

mosquito until the warm days of spring make her again

culpable.

To interpret the full significance of the insect's r61e as a
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disease carrier, let us get an insight into its powers in ways
pathological. How many persons can a single mosquito infect

and how many germs is it necessary to inject into one's blood

to convey the disease of malaria? Also with the same breath

we inquire: How long will a mosquito once infected with

these germs remain so? Now, it may be interesting to observe

that up to three years ago the conscientious investigator could

honestly shrug his shoulders and throw off the burden with

"I'm sure I don't know !" but today certain researches have

brought to light at least approximate answers to these riddles.

Indeed, all of these points have been investigated, and

though not completely solved, have shed rays of hope on pros-

THB ARCHER FISH, TOXOTES JACULATOR, SHOOTING ITS
PREY [AFTER BRE'HM]

pective researches. Since these queries are concerned inti-

mately with the operation of biting, we can judge more clearly

by reviewing briefly the method involved. If one is sufficiently

curious and interested and will permit a hungry (though

healthy) mosquito to alight on the back of his hand, he can

learn enough at one application to be quite convinced. With
the aid of a hand lens if one observes the actual blood sucking

after the preliminary selection of site for the drilling, it will

be apparent that an appreciable time elapses from insertion

of the mosquito's beak to the appearance of the drawn blood

as It rises in the alimentary tube. The phenomenon is ap-

preciated by the careful surgeon who reverses the operation

when in injecting a fluid into the patient's vein he plays safety

first* Insuring the needle's position by drawing some of the

blood into the barrel of the syringe before pressing down the

plunger.

In the first few seconds of biting really all of the mischief
is dene both as to physical damage to the feelings of the host
and the inoculating of the infecting organisms, for it has been
proved that mosquitoes inject their poison before commencing
to suck blood. This is accomplished by the insect, which in
attempting to lubricate the mouth-parts in "clearing for action"
deposits its saliva in which are mixed the virulent organisms.
Then whether it gets its meal or not, if interrupted at this
stage, it has already accomplished its function as a disease
bearer by introducing the poisonous fluid into the wound. The
pumping of the blood to satisfy the mosquito's nutritive de-
mands is therefore incidental. At any rate, it has been actually
proved that when mosquitoes were allowed to bite two volun-
teers for periods of thirty-five seconds and fifty seconds, ill-

ness resulted in both instances, demonstrating beyond a doubt
that virulent parasites had been introduced in these short,

uninterrupted bites. In the same series of experiments it was
demonstrated that several persons, at least three, could be
successively infected from the bites of a single mosquito.
Relative to the length of time mosquitoes remain infected it

must first be ascertained what is the life of a mosquito. This
having been recently determined in our Memphis laboratory
to be as long as 185 days, should it prove to be true that an
Anopheles mosquito can remain infected as long as it lives,

a very serious charge can be made against Madam Anopheles

—

carrying concealed weapons possibly with intent to commit
manslaughter. So far, however, experimenters have not been
able to cultivate in their laboratories mosquitoes which can
communicate the malaria disease germs beyond sixty days
and although organisms may be present for four months they

appear to be without life.

In our review of the mode of carriage of a menacing insect

borne disease, we have found that a mere trifle
—"a trifle light

as air"'—has been the cause of it all. Just as a man digs his

grave with his teeth it is far more certain.that the mosquito's

teeth have dug many a grave. And the victory of science in

drawing the teeth of the vicious mosquito has blazed the way
for scientific control of sanitation and health and has made pos-

sible such achievements as the domination of the white man in

the tropics.

FISH THAT SHOOT THEIR PREY
One of the most curious groups of tropical fishes consists of

the Toxotes or "archers." There are four species known which

inhabit Polynesia and the East Indian Archipelago. The
Archer Sagittarius is found from the Dutch East Indies as far

as the northern shores of Australia. The body is yellowish or

olive brown in color, with large rounded or oblong spots or

with vertical black bands. The eye is a brilliant pink and

the belly a silvery white. The best known species is the

Sagittarius or Toxotes jaculator shown in the accompanying

picture. This fish has a singular habit of "shooting" its prey,

which consists of the various small insects which frequent

aquatic plants or the grass and weeds along the edge of the

water, i. e., it launches at them with wonderful accuracy of

aim, a tiny jet of water. It is said to be able to project these

liquid bullets to a distance of three feet or more and nearly

always to hit the mark. The Malays call it the spitting fish.

In many countries, says Brehm, it is made a domestic pet by

the inhabitants, who keep it in their houses and furnish it

with various flies and bugs for the pleasure of observing its

marvelous marksmanship. In Java, it is kept in basins over

whose surface a small stick extends at a height of about 0.40

meters above the surface of the water. Wooden corks are

strung on this stick and insects placed thereon. When the

fish catches sight of the hoped-for victim it rises to the sur-

face of the water, remains motionless for a few minutes, and

then squirts several drops of water at its prey. It usually

succeeds in striking its prey and causing the latter to fall into

the water; should it fail it swims about a bit and then tries

again.
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Fish That Can Be Drowned*
Peculiarities of the Climbing Perch and Other Amphibious Fish

MANY centuries ago a couple of travelers from India's

land of miracles related that in the waters which

bathe the shores of that land there dwells a remarka-

ble fish, which now and then climbs up the bank, strolls over

to a cocoanut tree and climbs its stem to enjoy a bit of palm
wine, whereupon (whether intoxicated or not remains a se-

cret!) it returns to its native element. This tale was by no
means too big a "fish story" to be accepted in that day and
generation, at which period precious little was known of nat-

ural history, and there was none too clear an idea of what a

fish could do or couldn't do. For that matter even at the

beginning of the 18th century a crab was considered a "shell

fish'' and under that definition the tale will bear the scrutiny

of science even today, since as a matter of fact, a certain

crab is found upon the islands of the Indian Ocean, the Birgus

Latro, which actually does steal cocoanuts, climbing the tree

to get them and opening them very deftly with its claws.

If this were all we might dismiss the ancient narrative

with the idea that it was based upon such a confusion of

terms, but early in the 1 8th century the story bobbed up

again, and this time the animal in question was most certainly

a fish. The Danish Lieutenant Daldorf reported to the Lin-

naean Natural History Society of London that he had found

a climbing fish in the East Indian coast city, Tranquabar,

which had the revolutionary custom of climbing the stem of

a palm tree, hooking itself on with the points of the extended

gill covers, at the same time pressing the tail fins and anal

fins against the bark and thus managing to clamber higher

and higher after the manner of our feathered tree climbers.

The object of this exhibition of skill was not evident, since

there was no pretense of any wine drinking in this case. The

story went on to say that the same fish upon being captured

played merrily about in the sand for hours at a time, and this

statement was the most distinctive feature of tlie story rather

than the climbing and the taste for palm wine.

The members of the London society shook their heads. A
fish that so far forgot itself as to leave its proper element and

go on picnics was not only absurd, but it was a lucky thing,

too, that such conduct was impossible! Fish, they declared,

breathe by means of gills and are not able to make use of at-

mospheric air, but only of air dissolved in the water. . . .

Hence Daldorf's story was impossible. In the name of sacred

system

!

And yet the truth is that the story of the land-going fish is

by no means a fable. It climbs, to be sure only in very ex-

ceptional cases, and then only upon slanting palm trunks

Translated from Reclaim's Universum (Berlin), April 20, 1920.

more by chance than as a regular thing, but it is quite true

that it regularly climbs out of its pond upon the bank and
passes hours in the dry grass with its companions. How can

such a thing be possible?

The first to attack the problem boldly was the celebrated

French naturalist, Cuvier, in 1831. He examined a pair of

climbing fish which had been sent to Europe and found be-

hind the gill cavity a singular pocket-like hollow, within

which bony laminae wound and twisted like branching bits

of coral. Cuvier called this remarkable organ the labyrinth,

and rightly believed that it was closely connected with the

respiratory organs of its owner. Air breathing did not come
into the question in his mind since at that time the singular

kinds of fish which are intermediate between true fishes and

amphibious animals were not yet known to science. He con-

cluded, therefore, that the climbing fish was a water breather

like its kin, and designated the newly discovered labyrinth a

sort of storehouse for liquids. He supposed that before the

fish undertook a promenade upon land it filled this organ with

water like a sponge, and then

pressed the gill covers closely

against its sides in order to pre-

vent evaporation, thus keeping its

gills moist and workable. This idea

was entirely logical when we con-

sider the limitations of scientific

knowledge at that time. Unfor-

tunately, however Cuvier did not

hit the facts correctly by this in-

genious surmise.

Four years after Cuvier's exami-

nation of the climbing fish which

he named the Anabas scandens, and

two years after his death there were

found at almost the same time in

the swamps of the river Amazon and in the White Nile, those

amphibious fish (Lepidosirus and Protoptervs) which tempora-

rily dispense entirely with water and gill breathing, and,

thanks to the possession of a true lung, are capable of breath-

ing entirely in air. Everybody was amazed at these new
creatures, which in two different ways threatened the beauti-

ful structural system like wicked rebels, but nobody was lucky

enough to think of comparing the labyrinth investigation, made
by Cuvier with the case of these abnormal double breathers.

Investigators for a long time considered the matter settled

with regard to the breathing of the Indian climbing fish.

The first man to be attracted by the observations in regard

LABYRINTH OF THE
CLIMBING PERCH
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to amphibious fishes was an English physician named Day,

who in 1864 thoroughly examined both the climbing fish Anabas

and other fin hearers having a labyrinth organ and corrobo-

rated Cuvier. The labyrinth pockets were storehouses not

for liquids but for air, that was clearly shown by the air

bubbles which rose to the surface of the water when the gill

covers of the fish were pressed. These pockets are a sort of

substitute organs for lungs, by means -of which the climbing

fish and its relatives are able to lead a life similar to that

of the amphibious fish above referred to in Africa and South

America. When the native stream of Anagantids dries up the

fish composedly make their way across country to find a new
watery home, or else bury themselves deep in the moist mud
at the bottom. So long as they swim about in the water, how-

ever, all of these fish employ their gills for breathing, said Dr.

Day.

Once more the matter was settled, quite beautifully, only,

alas! there was one point where the explanation balked. It

was found that when these amphibious fish were placed in a

basin of water they behaved exactly like gill-breathing fish

in spite of the possession of lungs. But the labyrinth fish, on

the contrary, rise to the surface at regular intervals in order

to swallow air. Apparently their gills are not capable of

providing them with all the oxygen they need. . . . Here then

we have a basically new kind of animal deriving sustenance

THE BEAUTIFUL CHINESE PARADISE FISH—POLYACANTHUS
OPERCULARIS VAR. VIRIDI-AURATUS .

from two mediums, thus forming a parallel to those well-known

plants which have their roots in the mud of ponds, while

their blossoms dance in the sunlight upon the surface of a

little sheet of water.

It fell to the lot of a young zoologist named Henninger to

solve the remainder of the problem along these lines. His

study included three different kinds of labyrinth fish—the

Chinese paradise fish, Polyacanthus, the climbing fish, and the

Indian thread fish, Trichogaster. The paradise fish comes to

the surface every three minutes, and the climbing fish every

eighteen minutes to attain the required modicum of air ; but the

thread fish is able to stay under water about one hundred

minutes. On every ascent to the surface the animal not only

takes in fresh air, but expels the used air from the rear exit

of the labyrinth. The gills thereupon move vigorously for a

little while, but soon beat very gently and even appear to

rest entirely at times. What would happen then if the fish

were cut off entirely from the outside air? Suppose for in-

stance that we should spread a net in the aquarium an inch or

so below the surface of the water? Henninger did this very

thing and with astounding consequences. While the control

fishes, minnows, etc., paid no attention to the presence of the

net, the paradise fishes showed signs of being greatly dis-

turbed after the end of the second minute. They dashed

around the aquarium in the most excited manner, rushing

violently at the meshes of the net in an endeavor to break

through them and finally sank as if exhausted to the bottom
of the vessel. Meanwhile the motions of the gills became more
and more rapid, an evidence of increasing difiiculty in breath-
ing. Then they convulsively repeated the attempt to break
through the net, but obviously with increasing weakness. At
the end of half an hour they seemed hardly to be able to

maintain their balance,- and their upward rushes were inef-

fective. Then they lost consciousness and turned upon one
side and actually perished after a few hours. The poor tilings

were drowned! The climbing fish lasted rather longer and
the trichogaster lived more than four days, but both of these

finally met the same fate as the paradise fish. All of them
were finally drowned in the water since they were unable to

obtain the atmospheric air they required to supplement the

inadequate amount of oxygen obtained through the gills.

NEW VIEWS REGARDING THE "LIVING LARDER" OF
THE SPHEX WASPS

Some months ago the predecessor of this journal the Scien-

tific American Supplement, published an account of the

manner in which certain predatory Hymenoptera, including

the sphex wasp, provide a supply of fresh food for their larvae

by paralyzing the caterpillar in whose body their eggs are laid.

This account was based upon the generally accepted theory of

Fabre that these wasps are guided by an infallible instinct

which enables them to strike the nerve centers of their prey

with a single stroke of the sting. Recent researches upon this

subject indicate that the paralytic action is produced not as

Fabre thought by a lesion of the nervous system, but by the

absorption of the insect's poison into the body of the victim

and its diffusion to the nerve centers. Close observation has

shown (M. Rabaud, 1916) that the wasp's dart penetrates

the body at random and that it is the movements of the victim

itself which decide the repeating or the cessation of the sting-

ing, since the wasp continues to use its weapon as long as

there is any motion in its prey. In an article published in

1917 in the Bulletin Biologique de la France et de la Belgique

(Paris) M. Rabaud describes new experiments proving that the

paralytic action is due to the diffusion of the wasp's venom.

The victim is sometimes merely paralyzed by the action of the

poison and is sometimes killed outright ; but even in the latter

case it remains in good condition for a varying length of time,

often as much as from ten to fifteen days or more.

This brings out the interesting point of the double action

of the poison—in Rabaud's opinion—namely, a preserving

action during the life of the victim by means of a total paraly-

sis due to its neurotoxic properties and, secondly, a post

mortem preservative action which prevents the rapid decompo-

sition of the caterpillar after death. This preservative effect

is found to proceed from a bacterial action due to the presence

of the formic acid secreted by the acid glands of the wasp.

Another authority, M. Hollande, in a report to the French

Society of Biology, published January, 1920, declares, how-

ever, that when the victimized caterpillars are found to be

well preserved they are not dead, even though completely

inert. M. Hollande took certain small caterpillars which con-

stituted the store of food in the nests of the Eumenes pomi-

formis and made physiological injections in them with color-

ing solutions of ammonium carminate, carmine-indigo, methy-

lene blue, India ink, etc. In all these cases it was evident

that the caterpillars had not been killed by the venom of

the insect, even when they appeared to be entirely dead. The

proof of this is that their pericardial cells and the leucoytes

absorbed the colored powders; the cells of the Malpighian

tubes, certain intestinal cells, eliminated the carmine-indigo.

Hence in spite of their inertia the cellular life of these cater-

pillars persists. M. Hollande is of the opinion that the venom

acts as an anesthetic upon the caterpillar, causing the latter

to enter a state of retarded vitality ; in this condition life is

maintained as in the hibernating state by the accumulated

reserves of nutrition while the cellular ferments of the cater-

pillar itself prevent it from being attacked by microbes.
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Humbler Relatives of the Oyster
Clams, Cockles, Scallops, Mussels, Shipworms and Other Bivalve Molluscs

By May Tevis

THE oysters are the aristocrats of the shell fish, and the

very king of bivalves, of course, is the pearl oyster.

It is the purpose of this article, however, to give an ac-

count of some of their less well known relatives which includes

the clams of various kinds, the salt and fresh water mussels,

the piddocks, the cockles famous in song and story, the curious

looking and destructive little creature known as the shipworm
from its peculiar long shape, and various other molluscs pro-

vided like the oyster with two shells or "valves."

Before giving any specific description of these marine and
fresh water animals, most of which are useful to man in one

way or another, though one or two are nuisances, it is ad-

visable to let the reader understand clearly their general

nature and the characteristics which they possess in common
as bivalve molluscs.

THE NATURE AND HABITS OF MOLLUSCS

The Mollusca form one of the principal divisions of the

animal kingdom including both land animals and marine

animals ; the latter having a much wider range than the former.

This is easily understood since the land molluscs travel very

slowly whereas the marine molluscs, even when not able to

swim are liable to be carried far and wide by the action of

tides, winds and currents. Some of the marine molluscs such

as perwinkles and limpets are found between the limits of

high tide and low tide and are, therefore, called littoral forms.

Others are found below tide line in the region where seaweed
abounds called the laminarian zone, while certain special

forms occupy the next or coralline zone. This extends to about

fifty fathoms and beyond this we have the deep sea region

which is likewise inhabited by certain more or less character-

istic species and genera.

There are five principal classes of molluscs, the Cephalopods,

the Gastropods, the Amphinerus, the Scaphopods, and the

Pelecypods. It is this last class which includes the bivalves

with which we are here concerned.

Molluscs are soft, cold-blooded animals, without any internal

skeleton ; hut this is compensated for in the majority of cases

by an external hardened shell, which serves at once the pur-

pose of bones and as a means of defence. Their bodies are

not divided into segments like those of insects and worms, but
are enveloped in a muscular covering or skin, termed the

mantle, the special function of which, in the majority of

species, is the formation or secretion of the shell. Mol-
luscs are more or less bilaterally symmetrical ; but this bi-

lateral symmetry in some cases, particularly among the gas-

tropods, is to a certain extent obscured by the contortion of the

body. The foot, which serves the purpose of locomotion, or

is used in burrowing sand, wood, and rock, etc., is an organ
highly characteristic of most molluses. The shell, in the vast

majority, consists either of a single piece, as in the snail,

whelk, etc., or of two portions (valves) as in the oyster,

cockle, and most other bivalves. In one group, however,

(Chitonidae) , the shell takes the form of a series of eight ad-

jacent plates, and in one group of bivalves (Pholadidae) there

are one or more accessory pieces in addition to the two princi-

pal valves. In the bivalves, with one or two exceptions, the

shell is always external. Shells are mainly composed of car-

bonate of lime, with a small admixture of animal matter.

Their microscopic examination has revealed a great diversity

of structure. Some are termed porcelaneous, others horny,

glassy, nacreous, and fibrous. The shell is essential to the

life of the inhabitant, it forms part of its organization, and

if it be removed, death follows sooner or later. Although

molluscs have the power of repairing injuries to their shells,

no case is known of a species removed from its shell having
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CRISTARIA PLICATA WITH PEARL-COVERED IMAGES
OP BUDDHA

MELEAGRINA MARITIPERA WITH
PEARL-COVERED FISH

secreted a fresh one. Many shells exhibit an outer coat of ani-

mal matter termed the periostracum. It is generally of an

olive tint, but varies considerably in thickness and appear-

ance. It is quite smooth, or of a velvety or silky aspect, or it

may be produced into hair-like extensions. Its special func-

tion is the preservation of the shell from atmospheric and

chemical action. Were it not for the periostracum, the shells

of fresh-water molluscs would, in time be dissolved by the

carbonic acid gas with which water is more or less saturated.

Owing to the thinness of the periostracum, or to its having

been worn away, the apical portion of many fresh water spiral

shells and the tips or beaks (umbones) of the bivalves are

frequently more or less eroded through this chemical action.

Coloration.—The varied colors of shells are due to glands

situated on the margin of the mantle. In most cases the color

markings are placed on the outer surface of the shell, beneath

the periostracum, but occasionally the inner layer of porce-

lain-like shells is of a different color from the outer. This

is well instanced in the helmet-shells (Cassis), which are

employed by the carvers of shell-cameos to produce white or

rose-tinted sculptures upon a dark ground. The color in some

shells is liable to extreme variation. This diversity in color-

making results from the different position of the pigment-

glands upon the mantle margin, but the cause of this varia-

tion in the position is not fully known ; nor is the reason known

of the difference of the ground-color, which may occur among
specimens of the same colony. White, black, red, green, yellow,

olive, purple, slate-blue, and brown form the common-ground

tints of shells, but pure blue is a color hardly ever met with

in the shells of molluscs. One or two species of land-shells

(Corasia) from the Philippine Islands more nearly approach

this tint than any other molluscs, but even in these there is a

slight admixture of green. On the contrary, blue is a color

more commonly seen in the soft parts. The color of the shell

does not necessarily correspond with that of the mollusc. The

latter may be of an intense black, the shell being quite white

;

the "animal" may be a most brilliant creature with a variety

of many colors, and its test merely of some uniform sombre

hue. Very gorgeously painted shells are, however, generally

indicative of highly colored inhabitants.

Reproductive System.—The sexes are distinct in some mol-

luscs, and united in the same individual in others, but repro-

duction is in all cases effected by means of eggs. These are

usually secreted or attached in some suitable position, but in

some instances the ova are hatched within the oviduct of the

parent, as in the fresh-water pond-snail (Vivipara) ; and prob-

ably in most bivalves the eggs are retained within the parent

shell until hatched. The productive power of some bivalves

is enormous, the ova being counted not by hundreds but by
hundreds of thousands, and even millions. The ova of mol-

luscs may be gradually developed into the form of the adult,

or there may be a free-swimming ciliated larval stage, or a
special larval form as in the fresh-water mussel.

Food.-—Molluscs are both vegetable and animal feeders, but
probably by far the greater number of gastropods are carnivo-

rous. Bivalves imbibe a mixed diet of infusoria and micro-

scopic vegetables. The carniverous species of gastropods prin-

cipally attack other kinds of shell-fish, bivalves being especi-

ally appreciated. Some, however, like the common whelk, will

feed on dead fish and carrion of any description. Many of

them are mere cannibals, and attack their own kith and kin.

Most land-shells are herbivorous, but a few are carnivorous,

preying chiefly on their plant-eating relations, and one curious

slug lives exclusively on living earth-worms.

Organs of Sense.—Most molluscs which are provided with a
more or less distinct head, namely, the cephalopods and gas-

tropods, are furnished with visual organs, but the majority

of bivalves (Pelecypoda) are sightless. Although an audi-

tory apparatus exists, they appear almost insensible to sound.

It is certain that most forms are endowed with the sense of

smell, although the anatomist frequently has difficulty in

discovering the position of the olfactory organ. Land-mol-

luscs appear to recognize their proper vegetable food by the

smell as well as the taste, and the carrion-feeding whelks are

probably attracted by odor. The senses of smell and taste are

probably hut imperfectly developed in the bivalves, which

scarcely possess the power of selection as regards their food.

Locomotion.—Molluscs exhibit various ways of progression.

Some are free-swimmers, like the cuttle-fishes, and a few
bivalves; others are mere crawlers, like snails and whelks;

and some creep along, but beneath the surface of the water.

The Melampus moves onward after the fashion of a looper-

caterpillar, and the bivalves either crawl upon their feet or

progress by a perking or leaping movement. Many species,

like the limpet, Saxicava, and Pholas, are very sedentary in

their habits, and others, which in their early career are active,

in after life are stationary in their permanent abodes.

Uses in Nature and to Man.—Molluscs form a large item in

the food of many mammals, birds, reptiles, and fishes. Ter-

restrial forms are devoured by rats, ducks, thrushes and other

birds; by lizards, toads, snakes, and even by certain kinds of

carnivorous insects. The fresh-water forms are consumed in

vast quantities by water-birds of every description, by fishes,

frogs, water-voles, and other mammals, and aquatic creatures

of various kinds ; and every seashore is constantly ransacked

by flocks of sea-fowl for the repasts of shell-fish it affords.
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In the depths of the ocean many kinds of fish, especially cod,

haddock, gurnard, soles, and mullet, are greedy for molluscs,

ciabs, starfish and anemones.

Molluscs of all kinds, but especially the marine species, are

widely used as food by man; and even in Europe, although

the oyster is the most liked, several other species are used as

food.

Noxious ^follllscs.—The utility of the molluscs to man prob-

ably far outweighs the injury which is occasioned by a few
kinds, says a writer in the Royal National History. "In the

foremost rank of the injurious species stands the Teredo, the

great destroyer of submerged timber. The stone-work of break-

waters occasionally becomes more or less damaged by the bur-

rowing habits of the Plwlas and Saxicava. On land, snails and

slugs commit onslaughts upon our crops and gardens, but these

pesrs are more easily overcome than their marine relatives."

GENERAL CHARACTERISTICS OF BIVALVES

The bivalves have certain special features which differentiate

them from other molluscs, the most characteristic being the

lack of a head, the bilateral symmetry and the double-valved

shell. The mantle is divided dnto right and left lobes forming

a flap on each side of the body to which it is united at the

upper part under the line of the hinge. The mantle is gener-

ally very thin except at the edges which are sometimes double

or triple. In some genera the edges of the two lobes are free

or unattached at any point excepting at the dorsal attachment

while in others they are joined at one or more places leaving

orifices through which the foot can be extended in front, for

the admission of the water to the gills, and for the elimination

of waste matter at the rear end. At this rear end the mantle

is often considerably extended forming one or two distinct

tubes known as siphons. These vary greatly in length in

different groups, occasionally being several times as long as

the shell. The most remarkable example of this prolonga-

tion of the siphon is in the case of the Teredo or ship-

worm, whence the popular name of the animal.

The Foot.—While the sbipworm is nearly all siphon some

of his brother bivalves are nearly all foot. In the razor shell

clam, for example, the foot is enormously developed. This so-

called foot is an extremely useful member and is used for the

most various purposes—as a means of locomotion, for bur-

rowing in sand or mud or for perforating rocks, wood, etc.

;

consequently it is very various in form among the different

bn valves.

The Mouth.—This is situated at the forward end of the

body at the upper front part of the foot and is a mere slit.

The upper and lower lips are usually prolonged to form two
lobes known as labial palpi.

The Gills.—The gills, which are leaf-shaped, are arranged

on each side of the body and enclosed by the mantle. The
gills and the inner surface of the mantle-cavity are covered

with microscopic cilia. The vibration of these cilia produces

the currents required for respiration. After the water has

been filtered through the gill it passes out through the anal

opening.

The Nervous System.—This consists of three pairs of gang-

lia ; the cerebral pair is usually located above the oesophagus,

the pedal pair in the foot, and the other pair in front of or

under the posterior adductor muscle. Most bivalves possess

the senses of touch, smell and hearing, and some even have

eyes. When eyes are present they are found either on the

edges of the mantle or at the end of the siphons, and in some
forms they are highly developed.

The Shell.—The two halves of the shell, which correspond

to the two lobes of the mantle are generally of equal size and

shape. They are nearly always joined together at the back

by an elastic ligament called the resilium, and they are often

closely interlocked at the same point by projections on the

edge of the valve known as hinge-teeth. In most species the

valves shut together closely at the edges, as in the case of

clams, mussels, cockles, and oysters : in some, however, they

gape apart at one or both ends or at the ventral side. The
lining of the shell varies considerably, being sometimes thin.

Courtesy, Amer. Museum of Nat'l Hist. ANATOMICAL STRUCTURE OF THE COMMON CLAM, VENUS MERCENARIA
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smooth, and glossy, while at others it may he thick, velvety,

rough or shaggy. Sometimes it is pale yellow or olive in

color.

The Abductor Muscle.—The tightness with which bivalves are

able to keep the two halves of their shells firmly united is a

matter of common remark, and is responsible indeed for

various proverbial expressions, such "mum as an oyster,"

"he shut up like a clam." This closure is effected by very

powerful muscles known as adductor muscles, there being

sometimes one and sometimes two present. These muscles,

which are firmly attached to the inner surface of these valves,

2 frft ''18HK^SUM*

*||S
1 *I-k1Si3Im*

* Mwwv

!

wft^r
" JrVt3

Courtesy, Amer.'Museum of Nat 'I Hist.

SPONDILUS PICTORUM POUND ON THE WEST COAST OF
AMERICA FROM THE GULF OF CALIFORNIA TO PERU

have such an enormous energy of contraction that it is

impossible to force the shell open without actual violence.

Dwelling Places.—All the bivalves live in water, most of

them in the sea, where they are found at all depths, though
they mostly abound in shallow water. Some of them live

buried in sand or mud like the familiar "soft clam" of our

northeast coast and the pretty little rainbow clam of Florida.

Others are attached to rocks, etc., either by the shells them-
selves or by means of an appendage known as a byssus, which
consist of horny fibers secreted by a gland near the end of the

foot. Others still bore into rocks, wood, and other substances,

while a few take up their abode in sponges, in the grooves of

sea urchins or in the shells of certain Tunieata ; while one
species is a parasite living inside the little animal known as

a seajcucumber.

Regeneration of Destroyed Parts.—One curious and truly

enviable faculty possessed by many molluscs is the power of

replacing portions of the body which have been lost through

accident or otherwise. We use the word otherwise advisedly

since Gray and Couinard relate the remarkable habit of one

genus of the Harp bivalves of detaching of their own free

will the posterior portion of the ventral sole or bottom of the

body hy means of repeated contractions. In many cases mol-

luscs grow new tenacles, portions of the foot, etc., after a

lapse of time which varies according to the time of the year.

General Uses and Commercial Importance of Molluscs.—
Mankind has made use of the flesh of molluscs since the dawn
of time and of their shells for various purposes, particularly

of adornment. Thus, necklaces of attractive looking shells,

whose name is legion, are popular among various savage

tribes not to mention civilized nations. An enormous industry

has been built up in modern times in the making of so-called

pearl buttons from the mussel shell. In some parts of this

and other countries clam shells or scallop shells are much
admired in the form of borders for flower beds and rustic

walks. In many cases shells have been used as money, thus

the cowrie, a smooth and shining little shell, is current coin

in Siam and some parts of Africa, and the shell money or

wampum of the Red Indians is well known. The art of making-

shell cameos is an old one and some of the work thus pro-

duced is very beautiful. Of course, however, the richest orna-

ments for which we are indebted to the molluscs are the pearls

which are found not only in the oyster but less frequently in

the mussel and even in the clam.

CLAMS OF VARIOUS SORTS

The name clam is applied to a number of bivalves of some-

what similar nature. The one used for making chowder is the

hard clam which rests at the bottom of the water without
burrowing in sand or attaching itself. This is the Venerea
mercenarea. This is found all over the world and is a typical

bivalve; it is sometimes called the Quahag or the Little Neck.

The soft clam lives in the sand and when it is present it may be

discovered by the tiny jets of water which it squirts up through

the sand. Thus the very precaution which the timid creature

takes of retiring into its shell when startled by a footfall

above it betrays its existence to the enemy, since in order to

close its shell it is necessary to eject the water from its siphon.

A very beautiful clam, and one of delicious flavor, is one found

on the east coast of Florida, and commonly called there the

Rainbow Clam. The writer has often scooped them up in

handfuls. These shells which are somewhat elongated hori-

zontally are hardly larger than one's finger nail. While mainly

white in color they are touched with delicate shades of yellow,

pink, and green, so that they resemble a mass of sweet pea

blossoms. These are not generally used in chowder, though

the meat is delicious, because the job of picking them out is

too tedious. However, they make an extremely appetizing

clam broth, far more delicate in flavor than the somewhat

strong tasting Little Neck. Space forbids us to give a detailed

description of the various clams known to fame, but the very

names of many of them suggest their aspect. Thus there is

the bloody clam, so-called because unlike most shell fish it

has red blood. Others are the Blue Point, the Bear's Paw, the

Broad Tooth, the Deer Horn, the Nigger Head, the Furbelowed

Clam, etc. Of these Reed says:

"The Tridacnae or Furbelowed Clams, one of which, T. gigas,

is the largest of all molluscs, live in beds of some extent in

lagunes among coral reefs, among the islands of the Eastern

and Pacific Seas. The shell is generally white, sometimes

tinged with red and saffron or brown yellow, but the animal

A LIMA IN A NEST IT HAS BUILT

is brilliantly colored. M. Quoy describes the beautiful iri-

descent glare of blue, violet, and yellow, variegated with fan-

tastic markings, that is presented by these submarine par-

terres as seen through the clear blue water ; and Mr. Cuming

speaks with enthusiasm of passing over a mass of them nearly

a mile in extent, which resembled nothing so much as a

beautiful bed of tulips."
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The Giant Tridacna (T. gigas, Lain.), attains the enormous
weight of six to seven hundred pounds, measuring two to three

feet across. One sees the single valves used to contain holy

water at the doors of Catholic churches. The animals habiting

these gigantic shells weigh upward of twenty-five pounds, and
are described as very good to eat. The natives of the Caroline

Islands hew axe heads out of the thickest portions of these

shells, whose hardness is remarkable. "So far has the process

of calcification proceeded that scarcely a trace of animal mat-

ter remains in an adult shell. Out of the open lunule (the de-

pression in front of the hinge), the foot projects and from the

gland a powerful tendonous byssal cord is spun. By this the

mollusk is anchored to coral rocks.

The California Sunset Shell is another attractive clam, pleas-

antly described in the following manner by a recent writer

:

"While returning one morning from a ramble over the rocks

of Pacific Grove that had been left bare by the retreating

tide, I was much surprised to see what seemed to be two
white worms moving about in a little hollow between the mossy
rocks, which was filled with sand and seawater. They wrere

long and round, and about the size of a lead pencil. As soon

as I disturbed them a little, they disappeared beneath the

surface of the wet sand. Suspecting what these singular

creatures might belong to, I at once began to dig, and soon

came upon a fine clam.

"I was exceedingly glad to make the acquaintance of a real,

live Psammobia californica, Conr., the California Sunset Shell,

for so I learned to call him. As I wanted to see more of him
and become better acquainted, I took him home in a large glass

jar, filled with sea-water and sand, and had the pleasure of

seeing him dig a burrow and throw out his beautiful siphons.

I kept him thus for several days, but he could not live com-

fortably in my very limited "ocean," and when he had ceased

to live at all I prepared his shells for my cabinet, where they

remain to this day.

"Within they are the purest white, resembling fine porcelain.

The pallial sinus is large, the hinge-teeth small, and behind

them is a thickened portion of shell about half an inch

long, which terminates quite abruptly, exposing part of the

ligament. Externally it is white, with red rays running from

the umbones, while the newer parts are covered with a brown

epidermis."

COCKLES AND SCALLOPS

The cockles are sometimes called heart shells from the

shape of the valve which reminds one of the ancient expres-

water, and forming large beds in sheltered inlets or bays.

The edible cockle is one of the most popular shell fish In

Europe, whether for food or for bait.

THE TEREDO AND (AT
THE RIGHT) ITS

SAND TUBE
NIGHT VIEW OF A PHOSPHO-

RESCENT PHODAS

ADULT PHOLAS IN ITS ROCK BURROW

sion applied to good wine or to good fellowship, "it warms the

cockles of one's heart." This genus contains 100 species dis-

tributed throughout the whole world in sand or mud near low

The scallops are a very beautiful shell of world wide dis-

tribution and include 200 species. The shell is ribbed with

ear-like extensions of the hinge line, the mantle is open, with

a double border of fringed tenacles and a row of conspicuous

eyes, but with no siphons. The adductor muscle of the scal-

lops is eaten and it forms a favorite delicacy both in this

country and abroad. The byssus, the cord by which the scallop

attaches itself, is formed by a glutinous secretion of the byssal

gland. This secretion issues through small pores forming

delicate threads which the scallop manipulates by means of its

foot, which is in fact not unlike a finger in its mode of action,

to form a rope which is toughened by the action of the salt

water. Young scallops are all able to spin these cobweb-like

threads at pleasure; by means of it they fasten themselves

as by an anchor line to rocks, sticks, or other objects on the

bottom of the sea, casting off the line when they wish to move
along. Most adult scallops abandon the use of the byssus.

The aspect of the living scallop is thus charmingly described

by Julia Ellen Rogers in her well-known volume The Shell

Book

:

"No creature that lives in the vasty deep can be prettier

than these daintily sculptured, gaily painted shells, full of

life and grace of motion, sometimes trailing behind them
plumes of seaweed. Look when the opening lips show the

fringed mantle margins. They are as brilliantly colored as

the shell. A row of bright eyes heads the fringe. Each eye

is an iridescent green spot, encircled by a rim of turquoise

blue. Some authorities doubt that these eye spots are more
than phosphorescent illuminating organs. Yet they have the

cornea, lens, choroid coat and optic nerve. Dr. Cooke calls

them bona fide eyes, approximately more closely to vertebrate

eyes than any other found among bivalve molluscs."

Belonging to this same family of the Pectinidae is a most in-

teresting little creature called the gaping Lima or Lima Mans,

a native of European seas. This shell fish makes for itself

dainty and picturesque nests not unlike birds' nests in ap-

pearance, fastening together by means of its byssus threads
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tiny stones, bits of shell or coral, sticks, etc. After forming

this retreat the little creature lines it with a soft and deli-

cate tissue, reminding one of the down with which many birds

line their nests. This shelter is a very effective protection

against the enemies of the Lima and is all the more necessary

because the valves do not fit closely as in the case of a clam or

scallop, but gape apart as Shown in the accompanying illus-

tration. The shell is of a dazzling white color and from the

openings at its two ends there issues a fringe of orange col-

ored streamers belonging to the mantle, trailing behind when
the animal moves like the flaming tail of a comet. O. Schmidt

tells us that the Lima moves by a series of vigorous jerks by

means of violently opening and closing its valves. These move-

ments are so violent indeed that by means of them some of

the beautiful orange streamers become detached, which, how-

ever, according to Schmidt, seems merely to impart fresh vigor

to the animal's vitality.

SALT AND FRESH WATER MUSSELS

The edible mussel is more popular in Europe than in this

country where clams and oysters are considered more appetiz-

ing. The fresh water or river mussel is of importance not

from its food value but from the beautiful nacre which lines

its shell, and which has caused it to become the raw material

of the lucrative business of pearl button making. Very beauti-

ful pearls are som times found in this mussel.

BIVALVES THAT BORE INTO WOOD AND ROCK

The Shipworm.—One of the most singular of all bivalves

is the Teredo navalis, the much-dreaded shipworm, which has

destroyed millions of dollars' worth of property in ship bot-

toms, wharves, and piles, all over the world. This animal

has a most remarkable life history. When first born it lives

for a very brief time in the free swimming state, during

which time it possesses eyes which it later loses. When the

baby borer is about as big as the head of a pin, however, it pro-

ceeds to settle itself in life by making a burrow in sub-

merged timber. It begins to burrow inside, cutting off fine

chips with the foot and possibly also with the valves. The
valves in fact are said by the well known authority, Mr. Miner,

of the American Natural History Museum, to have ridged edges

like a file and thus form an excellent cutting instrument. As
the creature digs himself in the burrow gradually increases

both in diameter and in length, the ends of the siphon being

always at the small exit while the valves of the shell are at

the far end of the hole. The fine chips are swallowed and

thrown out of the excretory siphon, while a steady stream

of water containing fresh air for the gills passes into the en-

trance siphon. The waving cilia at the end of this siphon

also drive in minute organisms, infusoria, etc. The particles

of wood seem to be merely compressed and not digested. The
shipworm breeds in the spring and it is said that a single

female produces millions of eggs. Many methods have been

tried to check the inroads of this devastating creature ; the

ones finally found the best being applications of creosote and

metal sheathing.

The Piddocks.—The piddocks also make burrows not merely

in wood but in rock or clay. The siphons are large, long and

united except near the ciliated edge. One of the best known
is the genus Pholas ; all of these have the property of being

phosphorescent. Like the shipworm the pholas spends its

care-free infancy swimming gaily about, but soon settles down
to hard work in digging a cell in rock, clay, or wood. Some
of them even burrow into granite. The burrow is made by the

constant revolution of the shell so that its hard, rasping sur-

face griads off the inner wall of the burrow, the foot holding

tight to the support by means of suction. When making its

first attack particles of sand are grasped by the foot and

rubbed against the rock so as to form an abrasion. Once

installed the piddock is as safe and comfortable as a cave man.

He is even better off in fact, since he does not have to make
occasional forays for food. His principal enemies are the

starfish and crustaceans which delight in nipping off the ends

of his siphons before he can draw them out of the way. One
of the most beautiful of the piddocks is found in colonies

about a foot deep in sandy mud in Florida ; this shell is known
as Angel's Wings, from the striking beauty of the color, out-

line, and modeling, which closely resemble the conventional
wing of an angel. These are seven or eight inches long. It

is sometimes called the ribbed pholas and is a valued food in

Havana.

CAUSES OF ALTERATIONS IN CANNED GOODS
The alterations which sometimes occur in canned or pre-

served meats, fruits and vegetables are due in some cases to

physical causes and in others to those of a chemical nature.

The chief physical causes consist in a deficiency or an excess

of heat, the former producing incomplete sterilization, whereas
an elevated temperature which is too high or too prolonged

may unfavorably affect food in other ways. The chemical

causes are much more various in nature. They have been re-

cently examined and described by M. Nippegen in the October
number of the Industrie Francaise de la Conserve, from which
we quote the following summary

:

In some cases of fish as well as of vegetables the alteration

found may be ascribed to the materials employed to preserve

thenh This is the case when the vegetable oils which are

used contain traces of mineral oil . . . sometimes, too, the

goods are contaminated during the process of preserving by
oil from the machines employed, thus receiving a disagreeable

taste and odor. The taste and odor are likewise unfavorably

affected at times in the case of goods brought to a high temper-

ature after being placed in the cans, by reason of the fact

that the sides of the can are acted upon chemically by the

contents. This defect can be remedied by a double treatment.

In the first treatment the goods are subjected to a temperature

which is lower than that required when they are sterilized in

a single operation. After this first treatment a sufficient

length of time is allowed to elapse to develop the spores of

any bacteria which may be present. These are then destroyed

by subjecting the contents of the can to a temperature of

180° F. for a suitable length of time.

Another cause of alteration in canned goods is due to the

action of the acids contained in certain fruits and vegetables

upon the tin coating of the containers. This action may be

intensified by the presence of traces of other metals which
occasion an electrolytic action. This defect can be prevented

by treating the contents of the can with some substance which

will neutralize the acidity such as bicarbonate of soda, and

then eliminating the salts formed by washing.

Sometimes the color of canned goods undergoes alteration

;

this is generally due to the presence of iron, but may also be

caused by zinc, lead, or copper, as well as by the character

of the water employed ; for this reason it is important to as-

certain the chemical nature of the latter. A peculiar kind of

discoloration is sometimes caused by the zinc employed in

soldering the cans. Whenever this occurs the goods are

spoiled and should be condemned.

Sometimes the cans are piled up without having been pre-

viously properly cooled. In this case the heat retained fre-

quently causes discoloration.

Green peas which have not been carefully cooled by means
of cold water after being put up, nearly always exhibit a

turbid liquor. The reason for this is that the starch contained

in the peas, which has been set free by cooking, is absorbed

by the liquid.

REFLECTING POWER OF STELLITE AND LACQUERED
SILVER

Experiments by W. W. Coblentz and H. Kahler on the re-

flectivity of stellite show that it varies somewhat in the

visible spectrum depending upon the homogeneity and doubt-

less upon the exact composition of the alloy. Lacquered silver

mirrors exposed to ultra-violet light turned brown owing to

photochemical action on the silver thus reducing the reflecting

power.—Bureau of Standards, Bulletin 15.



The Education of Chemists
Influence of Mathematical Speculations on the Progress of Chemistry

By Henry Le Chatelier

THE somewhat special topic, which I propose to discuss

with you, is connected with a much more general prob-

lem, that of the education of chemists. In starting this

debate on the part played by mathematics, it has been my in-

tention to argue against the method of highly specialized

training in vogue in the schools of chemistry- In my estima-

tion, the head of a laboratory must possess a general scientific

culture in order to make an efficient operating man in the

factory. The substance of this training is not exclusively

chemical, nor physical or mechanical. It must possess at one

and the same time all these properties of a most varied nature

and it is equally necessary to study them in all their phases.

In fact, the most important industrial laboratories are gen-

erally directed by engineers, graduates of the large schools,

and not by men who are chemists by profession. It is only

necessary to mention the names of Osmond, Deshayes, Charpy,

Ouillet, Bied, Taffenel, all former students at the Ecole Poly-

technique, Centrale or Mines to prove our contention. In

spite of the inadequacy of their experimental training, they

have done good work, because of their more thorough scientific

education. But chemists who would join a very good scientific

training to their extended laboratory experience would un-

doubtedly be able to render even better service. We must,

therefore, have a higher or graduate school of chemistry, simi-

lar to the graduate school of electricity, where the students

of the large universities and graduates from the technical

colleges could acquire further training in the practical appli-

cation of the methods of experimentation and research or-

ganization of the scientific staff.

A second problem, that of the organization of the scientific

staff in the factory, is connected with the one of the education

of chemists. Such an organization does not exist at present.

The law of the division of labor, which is today the absolute

rule in all factories, is still unrecognized in laboratories. The
chemist, just like the ancient artisan, is considered to be a

"jack of all trades." He is at one and the same time head

of the office, manipulator, that is, analyst and research chemist

and even ordinary laborer. It is impossible to combine in his

training all the phases of his disparate duties and give him
an equally adequate instruction in each. It is, however, com-

paratively easy to devise an organization, well-suited to the

work on hand and a personnel, corresponding to that division.

ROLE OF THE GENERAL MANAGER

The chief chemist of the laboratory must necessarily be sub-

ordinate to the general manager or in very large establishments

to the superintendent of manufacture or the technical director,

who is responsible for the utilization of the results obtained

by the laboratory, who regulates its activities and sends to it

for investigation and research the various problems arising

in manufacture. The education of these engineers or technical

directors is the concern of the large technical schools.

ROLE OF THE CHEMICAL LABORATORY

At the head of the laboratory itself, there is found the chief

chemist who is responsible for preparing and directing the

work. He institutes the experimental methods, approporiate to

the solution of each problem ; he divides the work between

his various assistants; he controls the accuracy established in

the research and interprets its results. The education of

chief chemists is not conducted in the proper manner at the

present time.

The greater part of the active staff of the laboratory may
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be formed of experimental or research chemists and physicists,

who may be more or less specialists in their lines. Their

work may then be allotted to them according to their particu-

lar qualifications. Their education is carried out at the present

time in a satisfactory manner by the various schools and col-

leges.

Finally, for routine manipulators, which are repeated each

day in an exactly similar manner, as chemical analyses and

measures of all kinds used in the control of manufacture, ordi-

nary workers, women or girl operators, whose training can

be very rapid, may be used.

It is my intention today to demonstrate that the chief

chemists require a rather well-developed mathematical train-

ing, comparable at least with the program of special mathe-

matical courses in colleges or of general mathematics in

universities.

USEFULNESS OF HIGHER MATHEMATICS

That a chemist should have a knowledge of the four rules of

arithmetic, simple and decimal fractions, that is, the essen-

tials of primary mathematics, no one would, to be sure, deny.

There could be no gravimetric analysis without additions, sub-

tractions, multiplications and divisions ; no volumetric analysis

without the rule of proportions, without the solution of prob-

lems according to the rule of three (solution of a proportion

in which three of the terms are known). But does that suffice?

Can this elementary instruction be given advantageously in

chemical schools? The answer is often in the affirmative.

Geometry and algebra would be valueless. But has there ever

been a chemist who has never had the occasion to draw a

curve to show the variation in any phenomenon, the changes

in the solubility of a salt, for example, or again to calculate

an interpolation formula so as to group together experimental

results? Does not that require a thorough study of curves

and algebraic functions? Can we be really satisfied with

instinctive knowledge in the place of elementary geometrical

principles? Let us examine the results that we would obtain

by this method.

IMPORTANCE OF THE IDEA OF CONTINUITY

Many chemists are ignorant of the conception of continuity,

which the study of mathematics on the contrary develops.

When I was still in college, we were taught that there is a

maximum solubility of certain salts and we were always

given the example of sodium sulphate. The curve, that we

were shown did not, however, have any maximum, but a

point of rest, which is absolutely different.

All the phenomena in nature are subject to the law of con-

tinuity. The curve was evidently wrong. Having had oc-

casion at a later date, in the course of my own researches, to

read Loewel's article from which the study of the solubility

of sodium sulphate was taken, I was very much surprised to

find that Loewel never uttered any of the absurdities that were

ascribed to him. His results had been changed to correspond

to the standard of the text books by chemists who had abso-

lutely no knowledge whatever of the properties of geometrical

curves. Loewel had, however, established a new and very

important fact : the existence of separate and distinct solubility

curves for each variety or different hydrates of the same salt.

These curves intersect at certain points, as is natural, with-

out being in any wise limited by their point of intersection.

This ignorance of mathematics has retarded the progress of

our knowledge of the solubility of salts for twenty-five years.

We have another analogous example. An eminent savant

spent several years in research to establish the fact that the

229
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solubility curves of salts are composed of segments of straight

lines joined to arcs of the circle. He undoubtedly did not

known that the abrupt change in the radius of curvature

constituted a true discontinuity and was consequently from
its very nature, an impossible means of representing an actual

phenomenon. Naturally, nothing ever developed from his

work, whose sole tangible consequence was a very great loss

of time for the savant and his young collaborators. It would
have been much more to their advantage to have tried to se-

cure a footing in the practical field of chemical endeavor than

to have marked time in their laboratory.

UTILIZATION OF GEOMETRICAL REPRESENTATIONS

The continuity of functions is not, however, the only useful

idea to be gained from the study of mathematics. It is well

to have more accurate knowledge of the general forms of

algebraic curves and their diversified properties. I should

like to recall to your minds in a discreet fashion an error

which has become celebrated in the history of the science of

chemistry.

A scholar announced one day that he was prepared to

demonstrate that Fresnel's theory of light was inaccurate.

This theory was found to be at variance with certain obser-

vations which could not be gainsaid. In reality, just this one

form of the interpolation formula, which was arbitrarily

adopted, was contrary to Fresnel's theory. Numerous other

formulae of interpolations, representative of actual observation

as well, were all in entire agreement with the theory.

The usefulness to the chemist of having some knowledge of

algebraic functions with a single variable and of the plain

curves which are used to represent them may perhaps be con-

ceded to us. But of what value is the geometry of space?

However, to study the solubility of salt mixtures, there must
necessarily be used surfaces in space. Simple numerical tahu-

lations would be too confusing. The writings of Vant' Hoff

are filled with such geometrical representations. They are in-

dispensable in the interpretation of the crude results of re-

search and investigation.

Each solid phase gives rise to a distinct surface of equili-

brium. In the vicinity of the intersections of these surfaces,

taken two by two, it is often very difficult to determine on

which surface to place such or such an experimental result.

The geometrical configurations aid materially in this respect.

But these representations are perhaps still more useful in

organizing a series of experiments. The system of represen-

tation by surfaces is a very valuable aid. By means of it,

there may be drawn a series of parallel curves, which are

obtained experimentally, while keeping one of the factors in

the phenomenon constant, either the temperature or the con-

centration of one of the salts. The combination of all the

curves gives a comprehensive survey of the phenomenon with

a minimum of experimental determinations.

Much too often do chemists content themselves with making

experiments at random, with tracing haphazard curves con-

taining the salient points on the same surface.

In the end, after a great number of determinations have

been made, the problem remains as obscure as if no tests

at all had been carried out. The confusion is even worse when

the point in question is a function of three or four indepen-

dent variables, as is frequently encountered in the problems

on rapidity of reaction, etherification or saponification, for

example. As, furthermore, each author arranges his experi-

ments in a different way, no comparison is possible between

the successive series of researches.

WHAT IS THE VALUE OD LOGARITHMS?

Let us leave geometry for the time being and direct our

attention to algebra proper. What is the value of logarithms,

differentials, and integrals? I will take, as an example, the

discussion of Dumas' experiments on the determination of

the atomic weight of hydrogen. This weight may be calcu-

lated from a simple proportion. Let us call P' and P" the

weights of hydrogen and oxygen contained in a weight P

of water. The atomic weight looked for is given by the pro-

X P'
1)0

' 16
=

W'-

This is arithmetic. But we must know the degre of accu-

racy with which the number X has been determined.
Let us suppose that we wish to known X accurately to about
the third place to the right of the decimal point, when the

weighings are made to the milligram. The problem can un-

doubtedly be solved by arithmetic, but only by covering pages
with calculations and with the chance of making many errors

therein. On the contrary, the result is obtained at once by
taking the differential logarithm of the following expression

:

dx/x = dP'/P' — dP"/P"
Noting that the weight of hydrogen P' is found by sub-

tracting the weight of oxygen P" from that of water P, we
can simplify the expression further, assuming approximately
that

P' = p/9 and P" = 8P/9, to read

:

dx/x = 9dP/P — 10 dP"/P".

Each weight P and P" is determined by the difference be-

tween two weighings. Let us grant, as will happen from time

to time, that all the errors of one milligram in these weights

will be in such a direction that their, effects are added to-

gether. It would have then been necessary to work with

20 grams of water to obtain an accuracy of 1/1000. This ex-

plains why Dumas was always compelled to produce more than

10 grams of water, which made him start his experiments at

6 A. M. in the morning in order to finish at 3 A. M. the next

night.

Lack of familiarity with such calculations exposes one to

very serious errors, especially in analyses in which weights

are found by difference. Here are two examples : I once had a

fruitless argument with a chemist who found a percentage

of water of 1.5% in a compound by the difference method.

Not having taken into account the fact that this percentage

was in reality indeterminate between and 3%, he unhesitat-

ingly gave an exact formula to his compound, with one mole-

cule of water. Another chemist, director of a very reputable

testing laboratory, had been entrusted with the analysis of

certain foreign silica brick, which were supposed to be of good

quality. Distrusting weights obtained by difference, he was
compelled to weigh the silica directly and found that to be

92%, when in reality it should have been 96%. The manu-

facturer, guided by that analysis, made his bricks to contain

92% silica and delivered his product to the steel plant, where

they melted in the furnace, in whose construction they were

used. In this case the weight should have been taken by dif-

ference. An error of 10%, a quite improbable one in the

weight of the alkaline earths and other bases, would have

entailed an error of only 0.4% in the silica, while it is difficult

to make a direct analysis of silica of more than 2% content

and an error of 4% is not out of the ordinary.

CALCULATION OF PROBABILITIES

To reduce experimental errors, the same tests are often re-

peated many times. How then can we use the determined

figures to obtain the most exact final result possible from

them? Some idea of the calculation of probability is not use-

less. Generally, the mean is taken of these determinations,

but often those, which differ most from the average value,

are discarded. One chemist, who was endeavoring to correct

the atomic weight of copper by means of a series of new ex-

periments, consistently discarded the mean results of his

tests, casting aside those which differed most from the atomic

weight that he was trying to correct. This is the "rule of

thumb" system. It would be far better not to make any ex-

periments at all than to work in this way.

As a rule, the most likely or average result should be

taken, without suppressing any figure. The probable number

is obtained by arranging the results in the order of their in-

creasing values and then picking the middle figure. In this

way there is avoided the danger of giving too much weight
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to an exceptionally bad result, as is the ease in taking the

mean, and at the same any tendency toward "rule of the

thumb" reasoning, even if involuntary, is evaded.

DANGER OF TOO LITTLE KNOWLEDGE OF MATHEMATICS

To close this discussion of the errors due to an insufficient

knowledge of mathematics, I will point out the danger of rush-

ing into these calculations without an adequate training

therein. A chemist wanted to solve a series of equations one

day and conceived the bright idea of eliminating from them a

partial and a total differential. These had been wrongly rep-

resented by the same algebraic symbol and, therefore, it no
lunger appeared to him that these were two entirely different

quantities.

We are all familiar as well with the calculations of a foreign

savant, who wished to show that the atomic weights of simple

substances are all whole numbers. He believed that he de-

duced this fact from experimental data, when, in fact he

unconsciously introduced that idea in the form of a hypothesis
in his calculations. Having conceived at the beginning of his

reasoning that the atomic weights are indeed whole numbers,
he found the same result at the concluson, ignoring Poinsot's

aphorism, "What is placed in a calculation can always be

found there again."

INTRICATE DISCUSSIONS

Apart from the standard errors that a more perfect knowl-

edge of mathematics would enable one to avoid without fail,

there often exist fine points in the interpretation of experi-

mental results the discussion of which brings out certain

mathematical considerations. Here are two examples:

Raoult, in his studies on solubilities, declares that the law
(F — f )/F = c', where c' is the molecular concentration of the

dissolved substance, is verified in the entire series of concen-

trations, at least for certain organic salts. I maintain, on the

contrary, that beyond a concentration of 25 per cent in the

dissolved body, the verification is illusory. This law cannot

serve in calculations pertaining to solubilities, at least of very

soluble compounds. To show where the difficulty lies, let us

take an example. I will suppose that the question in view is

the measurement of the slope of a path to the surface of the

sun. One observer conceives the idea of taking his measure-

ments from the center of the earth, used as the origin of the

altitudes. He will then state that the variations in the level

are negligible, that the path can be considered as horizontal.

Another observer takes as the basis of comparison the level

surface passing through the lowest point of the path. He.

states, using the same calculations, that the slope of the path

is very steep. Rain falling on it will not make a stagnant

sea, but will run away rapidly.

Let us change Raoult's expression around a bit. It becomes

then a simple arithmetical operation

:

f/F = (1 — c') = c

Experiments give a satisfactory proof of this formula only

for values of c, included between 1.0 and 0.75, that is, of c'

between 0.0 and 0.25. If the first formula appears to be more
readily verified, it is because a level of comparison is taken,

not as the zero value of f, but rather of F, which is very

large in comparison with the smaller values of f, for which

the law no longer holds good. So, the inequalities in the

level of the path appear negligible, when they are compared
with the radius of the earth.

We have a second problem still more difficult of solution.

It concerns the measurement of a quantity which is a func-

tion of time. It is desired to know its value for an infinite time,

for example, the limit of combination in a system which
gradually approaches a state of equilibrium. Or again, we
wish to measure a quantity, a function of the volume, as the

explosive pressure of a gaseous mixture, which increases as

the cooling effect of the walls becomes relatively less impor-

tant. Measurements are then made in finite time and a formula

is developed or a curve which enables us to exterpolate to

infinity. How shall • we proceed and how much confidence

may we place in the results that we obtain?

Occasionally a change in the variable is essayed, taking the

inverse of the variable which leads to infinity, as the inde-

pendent variable. It is then sufficient to exterpolate to the

zero value of the new variable. That seems very simple. The
curve is traced and is prolonged through its tangent. But
that mode of reasoning appears to admit that the function

looked for is hyperbolic. Once that point is allowed, it is

easy to exterpolate to infinity. The change in the variable

does not introduce any new mathematical short cut. It serves

merely to conceal the given hypothesis. Some methods of

reasoning are more suitable than others and should be used

wherever necessary. The choice of functions, suited to the

process of exterpolation cannot be altogether arbitrary.

This problem has practical interest. In the direct synthesis

of ammonia, metallic apparata are used which are capable

of withstanding high pressures, while the temperature may
reach and even surpass 600°C. The steel must then be elastic

and it yields little by little to high pressures. What is the

maximum force it can withstand indefinitely without perma-

nent deformation? Can we conclude from a series of tests

lasting 10 hours just what will happen when the duration of

time is increased a hundredfold?

SERVICES RENDERED BY MATHEMATICS

The services rendered by mathematics in the studies which

have just been reviewed are no different from those afforded

by mathematics in all the other experimental sciences—physics,

mechanics, etc. In every case where experiments are per-

formed, it is necessary to know how to calculate the size of

the relative errors, to express by means of algebraic functions

the laws deduced from these experiments and finally to repre-

sent these functions geometrically so as to obtain a clearer

picture of the phenomena. But the very foundations of

chemistry and of stoichiometry have been established only

by experiment.

CHEMICAL MECHANICS

There is a second division of chemistry, equally as impor-

tant, whose practical applications become more and more

numerous each day, and which strangely enough has been com-

pletely neglected by experimenters, as it has been entirely

developed by the mathematicians from Sadi Carnot, the founder

of thermodynamics, to J. Willard Gibbs, the American mathe-

matical physicist. And this, notwithstanding the fact that

many of the laws of chemical mechanics could have been quite

easily induced from simple observations of experiment.

To understand the development of this new science, it is

necessary to refer to the history of mechanics. Actual experi-

ment has not established the general laws. They have been

developed by very interesting methods of reasoning, taking

as the point of departure, the impossibility of perpetual

motion. Since the beginning of the world thousands upon

thousands of experimenters have attempted to produce perpet-

ual motion and have failed. We can, therefore, regard the im-

possibility of its realization as one of the best established

truths. Every result, carefully deduced from this fact, may
be considered as absolutely positive, equally as well. We have

here a method of investigation which is analogous to that which

Descartes used when he formulated his famous axiom

:

"Je pense, done je suis."

IMPOSSIBILITY OF PERPETUAL MOTION

How can we derive the exact laws, governing natural phe-

nomena from so self-evident and so vague a truth? Let us

take a machine, which consumes energy at one point and cre-

ates it at another, for example, a falling body which causes

another to rise. According to the general principle, it is im-

possible that a body P, descending from a height H, can raise

another similar body to a height greater than H or a heavier

bodv to the same height. Otherwise, perpetual motion would
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be realized. This is sufficient to establish the laws of the lever,

of the inclined plane, of the composition of forces, etc. By an
analogous method, Leibnitz discovered the laws of kinetic

energy.

This method of reasoning has completely disappeared from
modern rational mechanics, but mention is still made thereof

in the treatise on mechanics written by Lazare Carnot. His
son, Sadi, conceived the idea of using this method in his

study of heat. Carnot's principle is nothing but an example
of such reasoning. Applying the conception of the impossi-

bility of perpetual motion to systems of hot air or steam en-

gines, contrasted with each other, he shows the necessity of

certain relations between the specific heats or the latent heats.

His reasoning is, in addition, so general that it may be ap-

plied without any further modification to chemical phenom-
ena as well.

The laws of chemical mechanics of an exclusively mathe-
matical origin are not very numerous, but their absolute in-

violability gives them a very peculiar interest.

I wish to review them very rapidly, recalling to you at

the same time the services which they have rendered to

pure and applied chemistry.

FACTORS IN EQUILIBRIA

The first law is concerned with the factors in equilibria.

The only factors of an equilibrium, that is to say the only

quantities whose variation can modify the state of equilibrium

in a chemical system, are those whose variation entails a

consumption of energy. By the mere action of toeing present,

the catalysts cannot change the direction of the reaction,

contrary to what has sometimes been conjectured. In order

to demonstrate this fact, it is sufficient to consider a chemical

system which is thought to be modified by a catalyst, then to

introduce and remove that catalyst by simple horizontal mo-
tions, which do not consume any energy. The alternate re-

versal of the reaction will create sources of heat and cold

which will be able to actuate indefinitely a thermal motor
and consequently we can obtain perpetual motion thereby.

This is impossible.

The sole r61e of the catalysts is to accelerate the speed of

reactions which tend to take place of their own accord. The
catalysts play the same part in chemistry as lubricating oil

in mechanical apparatus. The clear understanding of that law
has had an important effect in the synthesis of oleum. From
the time when it was realized that the lowering of the tem-

perature alone could, improve the yield experimentation was
directed toward a real goal.

TWO SYSTEMS IN EQUILIBRIUM WITH A THIRD

Second Law. Two systems in equilibrium with a third are

in equilibrium with each other and vice versa. At the fusion

point, "water and ice have the same vapor tension. To dem-

onstrate this fact, let us imagine for a moment that this is

not so, that the tension P of the ice is greater than the tension

p of the water. Let us take a weight of water and freeze it,

without the consumption of- energy in as much as we have

an equilibrium ; let us vaporize that ice. The work produced

will be PV. Then let us reduce the pressure of the vapor

from P to p. The new work is equal to NRT° log. P/p.

Then let us condense the vapor to the liquid phase, consuming

the work pv. The water is brought back to its initial state.

The total work produced is equal to PV + NRT° log. P/p —
pv = NRT° log. P/p > O. This is positive in nature, which
is impossible, for in that case work would have been created

from nothing. Consequently P must equal p.

This equality of vapor tensions at the fusion point, after

having been proven by a theoretical calculation, has been

verified experimentally in a very accurate manner with ben-

zene, which has the advantage of having quite a high vapor

pressure at its fusion point.

The establishment of this law permitted Van't Hoff to

institute some very interesting experiments on the vapor ten-

sion of the efflorescence of salts. The existence of fixed ten-

sions of efflorescence had been pointed out by Debray, bur
his experiments were not of a very high order of accuracy.
The obtainment of equilibrium is very slow. At times it

even appears as if the action would never come to a stop. In
the course of some research on the dehydration of gypsum
I have known variations in tension to be observed even after

a month of continuous heating at 100°C. Disheartened by
this difficulty, I abandoned my experiments. Van't Hoff con-

ceived the idea of moistening the crystals of gypsum with
solutions of MgCl2 of variable concentrations and of deter-

mining at which concentration the gypsum and the dehydrated
sulphate could exist together. The vapor tension of that

solution, which was easy to measure, is, according to the law
under discussion, equal to that of the efflorescence of gypsum.

I later applied the same principle to the study of the dis-

sociation of calcareous spar, moistening it with a solution

of the double carbonate of calcium and sodium.

STABILITY OF EQUILIRBIA

Third Law. Law of the stability of equilibria. In any sys-

tem in the state of equilibrium a modification of one of the

equilibrium factors, temperature, pressure, concentration, etc.,

produces a chemical change in such a direction that the effect

of this change tends to produce a variation which is opposed
to the action of the factor which has been varied.

That means that an elevation in temperature produces a re-

action accompanied by an absorption of heat, which tends to

compensate partly for the rise in temperature brought about
at first.

This law has been very readily verified in actual experi-

ment. I need not call to your minds numerous observations,

made in the course of practical tests, which have been com-
mon knowledge for quite some time.

But before this law was established by theoretical mathe
matics, its existence was not even suspected. It is admitted as
an axiom that the dissociation of all substances increases as
the temperature rises. The contrary examples, carbon dioxide,

hyperruthenic acid, acetylene, etc., are considered as inex-

plicable exceptions. We must forget in this case the essen-

tial characteristic of natural laws, never to show any ex-

ception.

The knowledge of this law has had very important indus-

trial consequences. It has definitely decided against the

further increase in the height of blast furnaces, which was
formerly thought to be advisable so as to utilize in an effi-

cent manner the effective heat in the gases. The decrease of

their temperature at the point of exit is rendered impos-

sible below a certain minimum, because of the fact that the

dissociation of the carbon dioxide regenerates heat constantly.

The level at which this reaction takes place is displaced

according to the height of the furnace, so as to maintain at

all times a constant temperature at the top.

A much more important application of that law is found in

the industrial synthesis of ammonia. Many investigators, in-

cluding Thenard, H. Sainte-Claire-Deville, attempted to pro-

duce ammonia by the direct combination of nitrogen and
hydrogen, but owing to their failure to recognize the function

of pressure in phenomena, where chemical equilibria exist,

they did not think of conducting their experiments at high

pressures, as was necessary.

THE PHASE LAW

Fourth Law. The law of the phases, establishing a re-

lation between the degree of variation of a system and di-

verse conditions, a number of constituents, of phases and

physical actions, could have been discovered by a direct ob-

servation of facts, as in the preceding cases. It would have

been simple enough, but it was not done. Before Gibbs made
his theoretical speculations no one had ever thought of it.

The knowledge of this law is of inestimable value to research

chemists, in giving them a most useful guiding thread in tli^-
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studj of systems of more than usual complexity, Van't Hoff,

Bakkuis Roozeboom and their disciples would never have

succeeded in unraveling systems so complicated as the solu-

tions of acid chlorides of iron or those of the different salts,

contained in sea water, without this guide. Furthermore, the

Idea of invariable systems, the part which they play in the

representation of systems which are in the state of equilibrium

led Van't Hoff to devise his dilalornetric method in experi-

menting with these invariable points. That allowed him to

attempt experiments which could not be carried out by the

ordinary methods of chemistry.

ISOEQUILIBRIUM

Fifth Laic. The law of isoequilibrium, also known by the

name of Clapeyron—Carnot's law or Helmholtz's law, is ex-

pressed by the differential equation

:

Lf XAPvf XA'Elf = 0.

It gives the simultaneous variations of temperature, pres-

sure and electromotive force that one can induce in certain

systems in the state of equilibrium, without disturbing that

equilibrium.

It was the knowledge of that law, formulated by Clapeyron

in a particularly simple case, that of vapor tensions, which

led Thompson by the general application of the same prin-

ciple to the phenomenon of fusion, to foretell the lowering of

the freezing point of ice by an increase in pressure.

This self-same formula was used in establishing the fact

that in the detonation of explosives in closed vessels there

was not any greater dissociation of carbon dioxide under a

pressure of 10,000 atmospheres and a temperature of 3,000°C.

than at a temperature of 1,500° C. and a pressure of one at-

mosphere.

The greatest value of these laws is that they are abso-

lutely inflexible, that is, they apply to all cases, without any

exception whatsoever and with infinite accuracy. Every ex-

perimental result which is contrary to any one of these laws

is necessarily false or wrongly interpreted. Some chemists,

nevertheless, are endeavoring to disprove them. The inac-

curacy of their research can be shown without any difficulty

in each and every case.

We have, in addition, a sixth law, also formulated entirely

by mathematical speculation, which law is very important be-

cause of its applications. This, however, is not an absolutely

rigorous law.

MASS ACTION

Sixth Law. The law of mass action in gaseous systems. The
following differential equation expresses this law

:

-^r ... + (n + n' - n"...) -p-

This law is absolutely accurate for perfect gases only, that

is, for those which obey implicitly Mariotte's law. Gay-Lussac's

law and that of the mixture of gases. Theoretically, it should

be separated completely from the preceding laws, but, in

reality, the known gases differ but little from perfect gases.

On the other hand, the accuracy of our experiments on the

phenomena of equilibrium is generally not very great as it is.

So we can consider the formula, as it is given, of sufficient

accuracy for all practical purposes. Its correctness is at all

times superior to that of experiment.

GENERAL FORMULA FOR EQUILIBRIUM IN A GASEOUS SYSTEM

The law of mass action combined with that of isoequilibrium

gives a general formula which allows us to calculate all the

conditions of equilibrium of a gaseous system, provided we
have our experiment made according to certain definite condi-

tions of temperature and pressure.

The predictions which have been based on that formula

have rendered the greatest service in a great number of in-

dustrial investigations. This is what was responsible for the

success of the synthesis of nitric acid by means of the electric

dc , ,dc'
n — + n —; n"-

c ' c
= O.

arc. Scholars and technologists had had for a long time the

idea of using Cavendish's reaction in a commercial way to

cause nitrogen and oxygen to combine. The yields of nitric

acid that were obtained by this process were ridiculous, only

a few hundredths of the quantity of air that was subjected

to the action of the electric arc. They varied the different

conditions under which the experiments were made, they

changed the types of electric furnaces used, the nature of the

current, in the hope of increasing the yield, but all in vain.

A considerable amount of money was squandered in this way
and then the tests were abandoned.

In the meantime, experiments in the laboratory, made at

accessible temperatures, gave datum points by means of which

the theoretical yield at the temperature of the electric arc

could be calculated. But this was the yield that had been

obtained from the very first experiments. In searching to

increase the yield, we only attempted to realize perpetual

motion. On the contrary, this low yield must be accepted

as one of the inflexible conditions of the problem and efforts

must be made to increase the absorption of nitrous vapors.

This was where Birkeland and Eyde, who were the first to

make nitric acid successfully on a commercial scale, won out,

To sum up, all of the science of chemical mechanics, with

the exception of the law of reversibility, that is, of the very

existence of chemical equilibrium, discovered experimentally

by H. Sainte-Claire-Deville, has been developed by mathe-

matical speculations. This is indeed a fact sufficiently sur-

prising to be worthy of mention.

NECESSITY OF UNDERSTANDING MATHEMATICAL REASONING

But, some will say, if mathematics was required to create

a division of chemistry, it is likely unnecessary for the chemist

who uses these laws in rather simple applications to oblige

himself to understand the processes of reasoning by which
they were developed. All that is necessary is for him to make
use of them in the most scientific way possible.

This theory may appear plausible at first sight, but in prac-

tice it proves to be entirely erroneous. You cannot use

formulae in an efficient manner, whose very derivation you do

not understand.

How many times have I heard scientists of standing,

to whose attention I have brought such or such a

law of absolute certainty, say : "Actual experience must be

the deciding factor in the final analysis. If experience is

contrary to the theory, then the theory must be changed to.

conform. In order to know a thing you must see it in the

concrete." This is the reasoning of a child, who asks for

the moon, when seeing an image of it in a bucket of water.

If we tell him that the moon is not in the bottom of the bucket,

he has also the right to say to you : "In order to know a

thing, you must actually see it."

I will cite two points on which I have contended for a long

time. A number of scientists have sought and still are seeking

to reverse the direction of certain reactions by the use of new
catalysts, ferments and other similar processes. For ex-

ample, to make urea from ammonium carbonate, or saccha-

rose from invert sugar in a reaction where the temperature is

kept constant—that is trying to catch the moon in a bucket of

water. All experience has been to the contrary and will al-

ways be so. A chemist who is capable of following out the

reasoning of thermodynamics would never think of throwing

himself into such foolhardy work. Not only would a knowl-

edge of mathematics have prevented these chemists from

wasting their time, but it would have in addition furnished

them with a very useful guide in arriving at a solution of the

problem, which interested them, namely, the reproduction of

urea or saccharose. Here are the teachings of chemical

mechanics applied to that subject.

First. The formation of these two substances being the

reverse of a spontaneous reaction can be realized only at

the expense of a consumption of external energy. Very likely

that energy is furnished by the liver in the case of urea ; in
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the collar of the beet where the root and stem meet, for the

saccharose, by oxidation phenomena.

Second. To bring out a reverse reaction through a spon-

taneous reaction, there must be a connection between the two,

in the same way that a descending stone raises another by

means of a cord attached to both and passing around a

pulley. In chemistry we have examples of such reactions:

the formation of hypochlorous anhydride brought about by the

combination of chlorine with mercury. The two elements,

oxygen and mercury, which have just combined with chlorine

were united at first in the same compound, oxide of mercury.

The transformation of carbonate of ammonia or invert sugar

must undoubtedly take place through a succession of two

reactions: combination of these substances with a third, then

the breaking down of the complex molecule formed in this

manner, with liberation of saccharose or urea.

THE MATHEMATICIANS REBUKED

I have criticised the chemists for not having shown the

proper interest in mathematics, but I have a criticism as well

to make of the mathematicians. They have at times made
their calculations in so confusing a manner that it has been

very difficult to tell which of their conclusions were of any

merit. Even at the risk of being called an iconoclast, I

must say that the Clausius method which has been the in-

spiration of many mathematicians is absolutely abominable.

This scientist constantly intersperses the most fantastic atomic

hypotheses with the most exact reasoning. For this reason

he has arrived at some most absurd conclusions on the sub-

ject of the heat of reaction of bodies. He gives as a measure

of the internal energy of gases, the kinetic energy of their

molecular movements. That leads to heats of reaction which

are often ten times too low. The incessant admixture of the

most arbitrary hypotheses with the incontestable principle

of the impossibility of perpetual motion has served to dis-

credit thermodynamical theorizations among experimenters.

I will make a second criticism of the classical methods of

thermodynamics and of all the alegbraic methods. They hide

from the eyes of the students the reason for each step in the

problem. A geometrical reasoning shows the why and where-

fore of each conclusion. An algebraic reasoning gives a

positive conclusion, in a shorter manner perhaps, but it

dissimulates the successive steps in the reasoning.

These two modes of reasoning should follow each other.

We commence by studying Euclidean geometry before taking up

analytical geometry. We should do the same with a short

course in theoretical mechanics before going into analytical

mechanics. So, the famous problem of the cat led into error

the most illustrious mathematicians. They did not know how
to apply the nine fundamental equations . of mechanics to a

deformable solid. A mere bachelor of arts, who possessed a

proper understanding of the fundamentals of mechanics, gave

the solution to the problem at once by the simple application

of the law of areas.

NECESSITY OF ELEMENTARY THERMODYNAMICS

In the same way in chemical mechanics, the classic reason-

ings of thermodynamics are to be sure correct, but they are

often too long to follow out clearly the linking of ideas and

to have them impress themselves indelibly on the mind. We
must start by first studying elementary thermodynamics,

where the principal theorems are directly deduced from the

principle of perpetual motion. All that is required is to re-

peat the ratiocinations of Carnot. Perhaps, after that has

been done, chemists will become less dense to quasi-obvious

reasoning.

It is regrettable to think that these fundamental laws of

chemistry, which have a continual use in a large number of

industrial applications, should be taught only so very sedulously

in France and to have to state that even today we must

struggle to have accepted ideas, which, for the past 25 years,

should have been familiar to all the students of the univer-

sities and the great technical schools.

CONCLUSIONS
To sum up, if we are to develop scientific methods of work-

ing in the factories, a condition which is indispensable to the

economic welfare of the country, we must see to it that the

chemists possess a satisfactory general training.

HIGHER SCHOOLS OF CHEMISTRY

There must be created for that purpose an advanced school

of experimental physical sciences, where only those are ad-

mitted who possess a complete scientific education, such as

is acquired in our large schools or who should at least be

graduates in physical sciences, including a certificate in gen-

eral mathematics.

In that school, laboratory work should be most important,

with the recitation courses of minor importance only. In

any case there should not be any more than one of these

courses each day.

In this way we would be sure to recruit good chief chemists

for the commercial field who would have an adequate scientific

training as well as a thorough understanding of the methods
of experiment. But that reform would be of little value if

it was not preceded by another of even greater importance,

that of the more efficient scientific training of our engineers

and superintendents of plants. It is on them that the real use

of the laboratory depends. If they do not know how to take

advantage of the laboratory it is futile to have good chief

chemists, whose work will not be put to the proper use, in the

plant.

What the engineers and the operating men lack is the scien-

tific viewpoint, that is, the belief in science and the knowl-

edge of the proper methods for putting scientific principles

and conclusions to practical use. Very few among them are

really aware of the way in which the laboratory can serve

them.

The method of our present secondary instruction, founded on

a program of examinations, aims only to fill the mind of the

student with isolated knowledge, without any inter-connection

in as extensive a manner as possible : the properties of sub-

stances, the natural laws, descriptions of apparata, that is,

the tangible data of science, but without any well-determined

method of representation.

This is especially bad in the technical schools, where the

technological descriptions, that is, the empirical recipes of

the industrial "kitchens," encumber the greater part of the

curriculum. We must definitely decide to reorganize the in-

struction of industrial science, to acquaint the student with

the fact that the principal operations in the industries are

dependent on certain factors which are for the most part un-

derstood at the present time and which are most often easy

to measure.

It should be the particular duty of the universities to in-

sist on the introduction of somewhat more scientific methods

of research in the study of industrial problems. Through an

incomprehensibly false viewpoint, their technical colleges have

even surpassed the technical schools in the empirical method

of instructing their students.

So we must almost revolutionize our methods of secondary

as well as post-graduate education. Otherwise, we must re-

sign ourselves to remaining for the rest of our days far behind

our contemporaries.

A NEW MICROSCOPE ILLUMINATOR
Professor Alexander Silverman has invented a new illu-

minator for the microscope, whose special advantage is thai

it gives a very strong light upon the object examined, so that

opaque and translucent bodies can be as readily studied as

transparent ones. The top of the object on the slide can be

seen with all the variations of its surface. It is particularly

valuable in testing samples of metals, since it shows the

presence of blow holes and pits and much detail not hitherto

visible. It is likewise useful to textile experts since it shows

the threads of a fabric from every angle and is also much

appreciated by bacteriologists.



Repelling Poisonous Gases
A Fanning System That Was Used to Clear the Trenches After a Gas Attack

AN Englishwoman named Mrs. H. Ayrton devised a bril-

liant solution of the problem of dealing with poison-

ous gases during the war. While Mrs. Ayrton made a

report upon this matter before the Royal Society of London,

at a session held August 29, 1917, its publication in the Pro-

ceedings of the Society was deferred for obvious reasons, and
first made its appearance October 9, 1919.

On May 6, 1915, shortly after the first German gas attack

filled the world with horror, Mrs. Ayrton made known the

results of her painstaking experiments with respect to the

variations of pressure and the currents resulting therefrom

which are occasioned in water in a state of vibration by an

obstacle situated at the bottom of the containing vessels. These

experiments suggested to her that it might be possible, by caus-

ing an analogous obstacle to vibrate in a suitable manner in

the air in the vicinity of a trench, to excite currents similar to

those produced in the water under similar circumstances.

In this manner she hoped it might be possible to direct the

asphyxiating gases towards

the enemy and at the same
time supply the men in the

trench with fresh air from

the rear.

Mrs. Ayrton studied the

matter by means of currents

in heavy smoke. She de-

scribes her smoke apparatus

as follows:

SMOKE APPARATUS

"Smoke of the right kind was not easy to produce, the diffi-

culty being that it had to be heavier than air, as the noxious

gases were said to be. At last, however, after many trials, I

found that smoldering brown paper gave very satisfactory

results, if treated in the right way. It was burnt in a biscuit

tin, A (Fig. 1), from which the smoke rose through a tube,

B, to a box, C, issuing through a second tube, D. When this

whole arrangement, except the can A, was kept wrapped in

wet cloths, the smoke, cooled by the evaporation of the water

and by passing through the box C, became heavier than air,

and fell almost like water from the mouth of the tube D upon

one end of the table E (6 feet by 3 feet), which had a barrier,

F, at the end, to protect the smoke from accidental draughts.

On reaching the table the smoke expanded both in height and

in width, and rolled in a very realistic manner towards the

further end of the table, where a miniature parapet, G, had

.been made, forming a dense cloud, 2 feet to 3 feet wide and

some 3 inches to 4 inches high. (See Fig. 2, a.)

MODEL FAN

"My first fan was
a small card on a

horizontal axle,
which I could alter-

nately twirl and
stop, to give the im-

pulses to the air.

This gave surpris-

ingly good results,

but not good enough.

Then, remembering

some startling air

currents I had once

observed after drop-

ping one end of a

glass tank upon a

table, I thought I

would try striking

the parapet to give
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FIG. 1. EXPERIMENTAL SMOKE PRODUCING APPARATUS

FIG. 2. THE TABLE EXPERIMENT IN THREE STAGES—a. SMOKE UNCHECKED :

6, SMOKE AFTER THREE OR FOUR STROKES ; c, SMOKE AFTER TWELVE
OR FIFTEEN STROKES
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the impulses. I therefore attached a handle, at a convenient

angle, to a slip of wood 4 inches by 3 inches, and with this

beat with quick strokes upon the parapet G (Fig. 1). The ef-

fect upon the cloud of smoke advancing from the other end of

the table was miraculous. After a few seconds it first stopped,

and then fled backwards as if pursued, increasing in height as

it went, as if it were being brushed back (&, Fig. 2). It never

stopped till it was well behind the smoke-box (A, Fig. 1),

about 8 feet from the fan. Even the stream of smoke that

continued to pour from the outlet was affected, being con-

verted into a vibrating stream which rose and poured back

over the smoke apparatus instead of falling and advancing

as before (c, Fig. 2). The smoke continued its backward
course for some little time after the beating was stopped,

and finally the whole table and smoke apparatus became com-

pletely cleared—an area of about 8 feet by 3 feet.

"The next thing was to see if a still smaller fan would clear

this same area. Fans of various sizes and shapes were tried,

and modifications which were

found beneficial were intro-

duced, such, for instance, as

a "back" to prevent any of

the air being expelled back-

wards towards the operator,

and two hinges—one between

back and blade, and the other

in the blade itself—each of

which allowed the parts it

connected to move through a

certain angle only. The final result was a fan (Fig. 3), with
a blade 1% inches square only, including the back. By tapping

with this minute object on the parapet (G, Fig. 1), for about
6 seconds, at the rate of four taps a second, I cleared the table

and smoke apparatus of an advancing cloud of smoke about 3

inches high ; and even a width of 1% feet extra on each side

of a 3-foot wide table, made by extending the tablecloth, was
cleared at the same time. As the height of the smoke appara-

tus was about 1% feet, the air disturbance created by this

fan with a blade of 1% inches square was at least 8 feet long.

6 feet wide and 1% feet high."

THE ARMY FAN

Mrs. Ayrton's next experiment was to determine whether a

fan no larger than a man could readily wield would give suffi-

ciently useful results to be worth putting in service at the

front. The type shown in Fig 4 was the one found' most success-

ful, after tests of many models of different shapes and sizes

and various mate-

rials. This was in

daily use at the front

after May, 1916, prin-

cipally for clearing

trenches, dugouts,

shell holes, mine

craters, etc., of the

foul gases that al-

ways accumulate in

them during shell

fire. Formerly such

places had to be

avoided for hours

and even for days

before they could be

entered, but the use

of this army fan en-

abled them to be

cleared out in a few
seconds or minutes.
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The fans are made of waterproof canvas stiffened with

cane, and have a wooden handle. The blade has a semi-rigid

center, A, B, C, D, with loose end and side flaps and the back

has an extra hingle E to enable it to accommodate itself to the

varying shape of the backs of parapets, etc. The fans are 3

feet 6 inches long, with a blade 15 inches square; since they

weigh less than 1 lb. each they can readily be folded and car-

ried in the braces behind the pack. These handworked fans

were not found powerful enough to repel gas wave attacks in

the comparatively high winds employed during the latter part

of the war, but their inventor thinks that these fans would

have been sufficient to cope with the winds of from 2 to 4

miles per hour, in which the earlier attacks were made. How-
ever, in June, 1917, she devised a mechanically driven fan

which is considered capable of driving back large quantities of

gas in any wind.

In order to study the air problems involved Mrs. Ayrton

made four sets of indicators consisting of numerous pieces of

tissue paper about 1 inch square, dependent from horizontal

stocks by silk fibres. Three of these sticks were tied to the

electric lamps about 4% feet from the ceiling, while the fourth

was placed on a movable stand about 8 inches high, so that

the indicators hung within an inch or two of the floor.

Experiments with these led to the deduction of the following

principles: (1) the air disturbance created by a stroke of the

fan travels rather slowly, a single stroke of the fan in still

air taking 15 seconds to reach the indicators near the ground,

18 feet away.

(2) The maximum distance at which the disturbance pro-

duced by a single stroke is perceptible increases with the

velocity and amplitude of the stroke.

(3) Each successive stroke, if the rate be above a certain

minimum, carries the disturbance further, longitudinally,

laterally, and vertically, till a certain maximum distance in

each direction is reached.

(4) Below the minimum rate, which bears some sort of

FIG. 3. THE EXPERIMENT FAN

inverse ratio to the size of the fan, this cumulative effect is

not produced ; each stroke simply carries the disturbance to

the maximum distance for a single stroke.

(5) The cumulative effect of the strokes increases with the

rate of striking, and also with the amplitude of the stroke.

(6) The maximum distance at which the effect is percep-

tible in each direction increases with the size of the fan, with
the rate of striking, and with the velocity and amplitude of

the strokes.

Mrs. Ayrton sums up the result of her . researches in the fol-

lowing words: "Roughly speaking, one of these fans, in ac-

tion, divides the space around it into two regions, separated

by a vertical plane passing through some line in the blade of

the fan parallel to its tip. From the region behind the fan
air is sucked in irrotational motion, in all directions, toward
the fan ; into the region in front air is driven forth in rotational

motion away from the fan. The fan cannot therefore be said

to create a current in the ordinary sense of the word. What
it does is to collect air from one wide region into a narrow
space, and there to give it energy, both rotational and irro-

tational, by means of which it passes into another region, in

which it moves through a longer, wider, and higher space than

that from which it was collected. The fan is therefore a fac-

tory for turning still or comparatively slowly moving air into

powerful vortices, which, by coalescing and reinforcing one
another are able to move through an enormous area, and to

drive before them, in an ascending forward-moving stream,

FIG. 4. THE ARMY FAN IN EXTENDED AND FODDED
POSITIONS

the air or gas that previously occupied the space through
which they travel."

In spite of the fact that the immediate purpose for which
these fans were created—for military uses in the war—no
longer exists, it is obvious that they will find extensive em-
ployment in mines and other places where dangerous gases

may collect. Perhaps, too, the principle can be so applied

as to protect firemen from the effects of smoke and gas.

FOOD AND FIBRE FROM THE COMMON CAT-TAIL
The ordinary cat-tail, which grows in marshy places and

along streams over wide areas, has hitherto been chiefly

admired for the handsome brown spikes from which it gets

its name. Its leaves are used too for making rush-bottomed

chairs. New uses have been found for it in Germany, born

from their needs, and it is now announced that it is a most
important source of textile fibers and also of food. This

(plant, the Typha latifolia, gives fibers which are not so

fine as those of cotton or the nettle. Neither have they the

softness and whiteness of fibers from these two staple plants.

For this reason these fibers were employed only as a substitute

for jute until about a year ago, as we learn from Kosmos
(Stuttgart) (third quarter of 1919), but it is now announced

by the Dresden Institute for Textile Research that such

gratifying progress has been made in improving the process

of manufacture that it will probably become of great com-

mercial importance, and is even expected largely to take the

place of wool. The yield of fiber from this plant is very

high, amounting to about 33 per cent, whereas air-dried

nettle stalks yield only from 6 to 8 per cent. The Institute

states that such an excellent quality of finished fiber has now
been obtained that it can successfully compete with wool in

the markets, even if the price of the latter should go down
to such a comparatively low figure as 2 marks per kilogram.

It is found also that the root of the Typha contains con-

siderable quantities of nutritious material. These roots

become felted together in cushions 30 to 40 centimeters in

thickness, and the roots of the single plants are sometimes

as much as 20 meters long and 10 centimeters thick. They

contain carbo-hydrates in the form of starch and sugar,

stored up for the use of the plant in amounts of as much

as 25 to 30 per cent. They are thus capable of being used to-

feed cattle and even human beings.



GENERAL VIEW OF TSZ-LIU-CHING SHOWING BAGS OP SALT ON THE RIVER BANKS READY TO BE LOADED ON BOATS

The Salt Industry of China
Raising the Brine from Deep Wells and Evaporating It to Commercial Salt

By Herbert T. Wade

THERE are today in China certain phases of industrial

activity which have endured from a remote antiquity,

where fundamental engineering principles have been

applied and important mechanical devices have been used

without the improvements deemed essential by the Western
world. Striking instances of this may be found in the salt

industry, one phase of which, the manufacture of "boiled"

salt from brine as carried on in the province of Sze-Chwan
is here illustrated and described. In addition this industry

is further entitled to interest on account of its commercial im-

portance as a source of taxation and the industrial organiza-

tion for its prosecution that has been effected in the course of

centuries. With brine (which when at greatest concentration

is a 2Q 1/> per cent solution of salt or sodium chloride in water)

derived from wells in some cases deep enough to rival those

of American oil fields, evaporated in open pans heated by coal

or natural gas, and in the form of cake or crystallized salt

packed for transport by boat or coolie this industry has

flourished here for centuries, being described in provincial his-

tories as early as 1,000 years ago. The first working of these

salt wells is credited to the Wang and Mei families in the

3rd century B. C. and these families are now worshipped in

a temple devoted to their memory.
In the equipment used in this district for drilling the deep

wells there are to be found certain essential elements of con-

struction and operation that figure in a modern well sinking

outfit as developed and used in the United States for hardly

more than a century.

Inasmuch as salt is and has been since the earliest times of

recorded history, a necessity for the human race as it is for

many animals, and inasmuch as it is generally distributed, it

is not at all strange that it should be one of the oldest and

most flourishing industries of China and afford employment for

about a million of its inhabitants. Furthermore no salt may
be exported and even in the interior traffic is subjected to

certain laws and regulations.

237

In the province of Sze-Chwan, one of the richest and most
populous provinces of China, along with a vast and but little

worked mineral wealth, there are occurrences of brine from
which an amount of salt is manufactured in excess of the needs

of local consumption sufficient to make the total output over

one-fourth of the gross consumption of the entire country.

In 1915 the production of the province was stated at 735,000,-

000 lbs. and the total consumption, 3,366,000,000 lbs.

This province of Sze-Chwan is situated in the mountains
near the western boundary of the republic and its salt pro-

ducing area is estimated to cover about 32,000 square miles

situated along the river bottoms and the many streams. Of
the rivers the Yangtze-Kiang with its tributaries is the most
important as it is the best known. And on one of these tribu-

taries at Tsz-Liu-Ching are the salt wells here illustrated.

In the salt producing area of Sze-Chwan brine wells of three

types are encountered, for we are dealing here only with

brine as a source of salt not the the rock salt that can be

mined directly. These are (1) salt springs located either on

the surface or at the bottom of shallow pits; (2) wells sunk
through clay and soft rock to a depth of 1,000 feet or so

;

and (3) deep wells which have been drilled through hard
limestone to a depth of 3,000 to 4,000 feet. Obviously the

last named class must possess the greatest technical and
commercial importance, for well sinking to such a depth

under any circumstances is a serious and expensive undertak-

ing carried on only when the anticipated return is sufficient

to repay the initial outlay. Even judged on the basis of

Chinese ideas of time and of the value of labor and material,

drilling a deep brine well and its subsequent equipment an.T

operation is a matter of long duration and one involving

considerable capital. It is a business that is operated prac-

tically as a monopoly under government control as the salt

tax is an important item. In 1916 the revenue from the salt

tax amounted to $72,440,000 (about £7,800,000) where the

total ordinary revenue was $388,009,660.
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BRINE WELLS AND DERRICKS AT TSZ-LIU-CHING. A RICH
WELL OWNER'S RESIDENCE IN THE FOREGROUND

A HERD OF WATER BUFFALOES WHICH ARE USED TO
TURN THE WINDING DRUMS THAT RAISE THE BRINE

All of the deep brine wells are located at Tsz-Liu-Cliing

which is a sub-district and it is here that the accompanying

photographs showing the general appearance of the field and

brine wells were taken. Tsz-Liu-Ching is 110 miles west of

Chung-King, an important treaty port, 1,400 miles up the

Yangtze-Kiang, opened in 1891 and on the highway from that

city to Kia-Ting-Fu. It is also 100 miles southeast of the

capital of the province, Cheng-Tu. At times of high water in

the river brine issues forth from a spring high up above the

bank, and from this circumstance the district takes its name,

Tsz-Liu-Ching, meaning self-flowing well.

The district so far as the brine wells are concerned can be

divided into three distinct sections based on the local geology,

and known respectively as the deep well section, medium
well section, and the shallow well section. In the deep well

section the bore holes are sunk through sandstone to a depth

of from 2,500 to 4,000 feet and not infrequently natural gas

is encountered in the operation. This of course is no disad-

vantage for while the primary purpose of the well is changed

it becomes equally or even more valuable as the gas is piped

off and used in evaporating the brine. Usually a gas-collecting

chamber of cement is built at the top of the well under the

ground. In a gas well it may be necessary to pump out the

brine and prevent its access to the bore hole by the use of

cement. A productive gas well of course becomes a center

of salt manufacture as the brine must be conveyed here for

evaporation not only from the neighborhood wells but those

less favorably situated.

The deep well section is said to furnish about three-fourths

of the salt produced by the district and it speaks well for the

perseverance and business acumen of the Chinese that they

will invest heavily in the deeper projects rather than confine

themselves to those where working is easier and returns are

forthcoming quicker. The medium well section includes

wells from 1,000 to 2,000 feet, while the shallow well section

takes in those from 200 to 1,000 feet in depth. At the latter

as there is no natural gas coal is used to evaporate the brine.

In all of these districts the same general technique of pro-

cess is followed, except for the evaporation, and it is dis-

tinctly uniform as with a continuous experience of more

than 1,000 years the Chinese naturally have had an oppor-

tunity to standardize their methods. Furthermore they have

in a large measure resisted foreign innovations, both through

a spirit of conservatism and as a result of unfortunate ex-

periences with occasional engines and other machines the use

of which had been attempted. Nevertheless once European
methods are introduced into this rich province with its coal,

natural gas and other minerals a new industrial page far-reach-

ing in its effects will be turned for China.

The site for the brine well is duly selected by an official

and there is always an amount of new drilling in progress.

Just the method that the locating official follows is not alto-

gether apparent, but Western observers record an unusually

small proportion of unsuccessful wells. With the location ac-

complished next comes the well drilling and the illustrations

show the derricks and their general arrangement The ma-
chinery is simple and the drilling outfit involves a house, a

derrick, and a winding drum, in the construction of which,

along with the necessary appurtenances, the Chinese carpenter

is able to display his skill in a land where large lumber is

not the rule and metal work is limited. The derrick frame
is made of pine trees, several timbers usually being spliced

together to secure the requisite height. Then to get uprights

of sufficient strength three trees are bound together with one-

inch bamboo rope and wedges are driven in under the bonds,

thus making each leg of the derrick consist of a triangular log

each side of which would measure about 20 inches. On the

top cross beam of the derrick is placed the crown pulley of oak

about 2% feet in diameter. Over this runs the rope that

carries the drill, sand pump, bailer, and other equipment in

the bore hole, the rope then passing to a second pulley of con-

siderable size on a weighted frame, under which it passes to

a winding drum which revolves on a vertical axle. This drum
is an interesting construction of wood and bamboo with

mortised joints and splices of split bamboo rope. Usually it

has 16 sides and a circumference sufficient to wind up from

54 to 65 feet of rope at each revolution. The drum itself is

about 7 feet in height and is mounted 5 feet from the ground

so that the men or animals engaged in turning it can pass

readily beneath the rope. An important feature of the drum
is the brake situated at the top to regulate the speed of revo-

lution, especially when the drill or bailer is being lowered

down the bore hole, as with the latter it may revolve as

rapidly as 50 turns in 80 seconds for a 2,500-foot well, and a

sudden blow at the bottom of the bore would be disastrous.

In sinking a well the first step is to excavate a hole several

feet in diameter to a depth of over 200 feet. In this hole is

placed in successive lengths wooden pipe of 6-inch bore made
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by uniting by rope binding' two halves of a log that have

been hollowed at the center to give the proper section. This

pipe is duly jointed and is held in a central position by stone

cribbing. At the upper end is placed a heavy stone cap about

30 inches square and 20 inches thick, pierced by a "6-inch hole

through which the drill bit, rigging, and rope and also the

bailer when attached pass. The drill used is hand forged

from native wrought iron and is used as a spud drill, that is it

is raised and lowered rapidly by means of a lever from
the short arm of which it is suspended. Increased weight

and consequent force on impact is secured by fitting an iron

rod in the bamboo casing above the drill. The drill rigging

is attached to one end of a split bamboo rope secured as

stated to the short arm of a lever, whose long arm can be

depressed toy the weight of coolies stepping upon it from an

adjoining platform. As they remove themselves the drill

which has been raised about a foot falls and by successive

steps and turns it is possible to secure as many as 30 strokes

a minute of the drill, though from 15 to 20 is nearer the

average rate. Each time the drill is raised the rope is given

a turn. The men stepping alternately on and off, work steadily

for about ten minutes and then rest while the drill rope is being

lengthened. An average daily progress is about 3 feet in 24

hours. An average deep well, say, one of 2,500 feet, could be

sunk under favorable conditions in from 3 to 5 years, but as

a matter of fact owing to various circumstances, most of them
extraneous, from 6 to 20 years are consumed in the undertak-

ing, which ordinarily is interrupted by litigation, lack of

capital, loss of drilling tools in the bore hole, and other

troubles that well sinkers the world over experience. It has

been estimated that on the average ten years is required for a

brine well to become productive.

In the course of the drilling the sand and dirt are re-

moved by the sand pump, a common bamboo tube 20 feet in

length lowered between drilling operations. In case of the

breakage of the rope and the loss of the tools the Chinese have

developed special implements and devices to fish them out,

quite as special and ingenious

as those of a similar nature

seen in the Appalachian field

or elsewhere in the United

States. In case they cannot

be fished successfully a new
drill is put down and the lost

articles churned up, the same
process being followed when
the bailer used in bringing

up the brine when the well is

in production, is lost.,

In the course of the drilling gas as well as brine may be

encountered, but, as suggested; this is hardly a misfortune

as it is utilized in evaporating the brine. Petroleum also may
be met with, but as yet this is not utilized in this special field

as the crude oil burns with a smoky flame and there have been

no attempts to refine it. American engineers who have ob-

served these brine and gas wells are sanguine that deeper

drilling would probably bring forth petroleum in notable

amounts. Considering estimates made in 1915 before the war
had destroyed all ideas of value and of fixity of currency, it

may be stated that an average cost then of a 1,000-foot well

was $2,100 U. S. money and of a 3,000-foot well was $17,500

U. S. money.

Once the well is drilled and ready for operation the brine

is brought up in bailers or bamboo tubes about four inches

in diameter wound at intervals with stout twine, and from

60 to 110 feet in length, several pieces of bamboo often being

fitted together to secure the requisite length. A filled tube

contains about 650 pounds of brine. The bailer, which is at-

tached to a bamboo rope made with three strands, is raised

by power, human, water buffalo, donkey or steam, acting on

the winding drum. Man power requiring as it did some
60 men and boys in a shift is passing for this service, and

water buffaloes, such as are shown in the illustration, are

quite generally employed. The usual arrangement is to hitch

from five to seven water buffaloes to the winding windlass and
then drive them at a fairly good rate of speed, as a complete

pull of the rope requires from 10 to 20 minutes, the time nat-

urally depending upon the depth of the well. Each set of

animals works for two winding operations and then is al-

lowed to rest and wallow in the river as here shown. Steam
power has been tried but has not secured general adoption,

while oil and gas engines also have barely gained a foothold.

When the bailer reaches the surface and is raised clear

of the hole, a man displaces it over a tub and with an iron

hook opens a valve in the base of the tube so that the brine

which may be yellow or black, the latter being richer in salt,

., is discharged into a container

or tub. Thence it flows a

longer or shorter distance to

the evaporating pans which of

course must be located close

to the natural gas supply.

Consequently there may be
employed a considerable

length of bamboo pipe line

and pipe lines as long as seven

miles are to be found in

the. district. Of course in

(1) UNLOADING BRINE FROM A BOAT BY MEANS OP A DRAGON-BONE LIFT OPERATED BY A MAN-POWER WHEEL. (2) SALT IN
PLAITED BAMBOO BAGS OP OVER 300 POUNDS EACH READY TO BE TRANSPORTED DOWN A SMALL RIVER. (3) RAISING THE
BRINE BY A SUCCESSION OP POWER TOWERS IN EACH OF WHICH IS A HORSE-DRIVEN ENDLESS CHAIN OP BUCKETS
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these pipe lines where possible advantage is taken of gravity,

but naturally this not always possible and the brine may have

to be elevated considerable heights before reaching the place of

treatment. The inclines may be surmounted by as simple a

method as using coolies to carry up buckets to an elevated tank,

or a so-called dragon bone lift may be used, or a windlass lift

with either an endless chain of buckets or one large bucket

operating intermittently. A series of towers equipped with the

first and operated by horsepower is shown in the illustrations.

A compensated bucket lift is sometimes seen while on some
long pipe lines there is installed at the summit of an interme-

diate elevation a surge tank. Often when a considerable alti-

tude must be overcome several successive lifts are required

and man or animal power utilized to operate the machines.

Such installations placed in towers are often seen as shown
in the illustration.

These various devices are all special applications of usual

Chinese practice. Thus the dragon bone lift is used exten-

sively by farmers for irrigation and other water raising. It

suggests a wooden chain pump laid on its side, and consists of

a wooden jointed chain to which transverse thin wooden
vanes are attached at intervals, working in a long box open

at the top and at both ends. For the brine lifts this box is

about 16 feet long and 10 inches wide toy 6 inches deep. At
either end of the box there is a notched wheel over which the

chain runs, the upper wheel of course being connected with

the motive power, either a hand crank or treadmill operated

by coolies, or some form of windlass or mill worked by ani-

mals, a horsepower of crude form being not infrequently used

and geared to the chain.

Sometimes the distance from brine wells to evaporating

pans is too great to permit of a pi/pe line and then it may
be possible to load the brine into boats and bring it by river

for treatment. One of our illustrations shows a lift operated

by man power transferring the brine from such a boat to the

pipe system leading to the evaporating pans. These pans are

made of native cast iron about 62 inches in diameter and 4

inches deep. They are placed over natural gas burners which

are rented to the owners of the brine by whom the workers and

all the apparatus required for the refining process are sup-

plied. Like other parts of the equipment the burners are

made of bamboo covered with Chinese cement made of broken

tile hammered fine, lime and sand or mud mixed well to-

gether and hammered into place.

The evaporation proceeds continuously until the water is

removed from the brine and crystallization takes place in the

desired form, crystals being removed from time to time and

forming at the bottom or around the sides of the pan. The
process varies somewhat depending whether pan salt or the

crystallized salt is being manufactured, the difference being

mainly in the control of the evaporating processes. The final

product must be weighed and registered by Government offi-

cials for purposes of taxation as the industry is controlled

by the Government. The packed salt is then transported by

river boats as shown, or it may even be carried overland by

coolies. That going out of the province is consumed in the

adjoining provinces of Hupeh, Kueichow, Yunnan and Kansu.

In the Tsz-Liu-Ching district the average daily output of a

salt well has been estimated at three-quarters of a ton and

about one-half of some 10,000 large and small brine wells

are usually active, with a total annual output of about

130,000 tons. Of course there are comparatively few large and

deep wells. It has been estimated that there are usually

about 500 new wells in course of dialling.

Tsz-Lieu-Ching is a wealthy town outside of the provincial

jurisdiction for here is located a branch office of the national

Salt Gabelle or agency for administering and collecting the

salt tax. There is a central salt administration in Peking un-

der the control of the Minister of Finance with a chief in-

spectorate under a Chinese Chief Inspector and a foreign

Associate Chief Inspector, who superintend the issue erf

licenses and the compilation of reports and returns of revenue.

With the exception of a few provinces all the salt producing
areas of China are under a tax law which imposes a regular
salt duty of $2.50 per 100 catties (1 catty equals 1 1/3 pounds).
This duty is collected at all salt producing areas and affords the
return already indicated.

Note.—Those interested in the Chinese salt industry may
consult with profit a series of papers by H. K. Richardson on
this subject in Volumes XVI and XVII of Metallurgical and
Chemical Engineering, New York, 1917, to which the author
is indebted for much of the foregoing material.

PARACOURMARONE
In the June number of the Journal of Industrial and Engi-

neering Chemistry, page 549, facts concerning the manufacture
and use of paracourmarone resin in varnishes are given in

some detail. This artificial resin is now prepared on a com-
mercial scale in the United States by the polymerization of the
courmarone and indene in certain aromatic naphthas. Recent
researches have shown the way to produce materials of lighter

color and higher melting point than previously, which material
is better adapted to certain types of varnishes.

When suitable naphthas are treated with strong sulphuric
acid a polymerization of the courmarone, etc., takes place,

the products remaining in solution. There are other ways of

effecting the same result. The naphtha is then separated
from the polymerizing agent, neutralized and distilled to

separate it from any unpolymerized material. The result is

a liquid residue, which on cooling solidifies and this is

paracourmarone resin.

This material when properly prepared is amorphous and
brittle, very much resembling rosin. The inferior grades are
black, but those used for varnish range from a reddish brown
through orange yellow, to a very pale yellow corresponding to

the different shades of rosin beginning with E and running
through to WW. The most satisfactory procedure for making
a varnish using paracourmarone consists in adding the re-

quired amount of the artificial resin in the form of small

lumps to a mixture composed of 15 parts of pure raw Un-

seen oil and 100 parts of China wood oil, with which a
cobalt linoleate may be used as a dryer. The mixture of

oils and resin are then heated at the rate of about 2%°C,
(equivalent to 4.5°F. ) per minute up to a temperature of from
290° to 320°C. (555° to 610°F.). When the desired tem-

perature is reached the kettle is removed from the fire and
allowed to cool, and when near the boiling point of the

thinner to be used this is added in an amount determined by

the type of varnish and the final viscosity wanted. When the

thinned mixture has cooled somewhat below 100°C. the dryer

solution is stirred in. This may be prepared by dissolving 100

parts of cobalt linoleate in .84.2 parts of raw linseed oil,

heating the mixture to 200°C. for two hours adding 42.1 parts

of bodied China wood oil and continuing the heating with

frequent stirring at 200° C. for one hour. When cooled to

160°C. the resulting solution is poured into 600 parts of

coal tar naphtha paint thinner, yielding a final dryer solution

containing 1.03 per cent of cobalt.

The rubbing quality of such varnishes appear to be satis-

factory, producing smooth coats with a satiny luster free from
imperfections. The water resisting properties with cold water

show the varnish film quite able to withstand its action with-

out dulling or whitening. The varnish is as resistant to hot

water and to weathering as the best commercial varnishes

using Ihe imported gums. In hardness, toughness and elas-

ticity the films are also similar to those from the best com-

mercial varnishes.

This artificial resin can be produced to sell below the price

of imported gums, can be made of uniform quality, melting

point and color. It is free from extraneous matter, shows
minimum volatilization during the heating of the varnish, and

being chemically inert to a remarkable degree, is quite resist-

ant to alcohol, fruit acids and vinegar, and the action of the

alkalies in soap as well as ammonia.



Using Stenches as Mine Warnings*

Disagreeable Odors Introduced into the Compressed-Air Line as a Fire Alarm

By S. H. Katz, V. C. Allison and W. L. Egy

IN
mines liable to fires from electric wiring, open lighis,

spontaneous combustion, or other causes a means of warn-

ing the miners in order that they may reach a place of

safety and avoid being trapped by the fire is of great impor-

tance. This is particularly true in some metal-mining districts

where mine fires are frequent. The shafts there are usually

deep and heavily timbered, so that the fires spread rapidly

and air currents of high velocity may carry the poisonous

fumes from the fire to many parts of the mines in a very short

time.

Electric gongs have been tried in metal mines and also in

the coal mines of Illinois, but have not been satisfactory. The
sound cannot be heard far, and the circuits are kept in repair

with difficulty because of the excessive corrosion of the wires

and because of accidental grounding. As a means of signaling,

some mines in the West have placed three-way valves, essen-

tially the same as the stop and waste cocks in water lines, at

various points in the compressed-air line. Turning one of

these valves closes the line from the compressor and releases

the air from that branch of the pipe. Interruption of the flow

of air is the signal for the men to leave the mine. This method,

too, is not satisfactory, because accidental interruptions cause

needless confusion and stopping of work.

At the Belgrade mine fire at Biwabik, Minn., on February 1,

1919, water was turned into the compressed-air line to warn the

miners of danger. When the miners noticed the water they

ran from their working places and warned the others. The
lives of all the men but one, who lost his senses through fear,

were saved.

Telephones have been placed in many large mines, the sys-

tem running to the vicinity of all the important workings.

This means hitherto has been found the most effective for

warning miners.

The Butte & Superior Mining Co., of Butte, Mont., J. L.

Bruce, general manager, tried the method of introducing

valeric acid into the intake of the air compressor, and found

that only a few minutes were required for the pungent odor

of this substance to reach the farthest working parts of the

mine. The method was brought to the attention of G. S.

Rice, chief mining engineer of the Bureau of Mines, by Daniel

Harrington, mining engineer of the bureau, and at the insti-

gation of Mr. Rice an investigation of various stenches was
undertaken.

Stenches as a warning have a decided action ; they exert

a positive effect because of their offensiveness. When miners

smell the disagreeable stenches described in this paper, they

instinctively desire to obtain pure air at once. If the miners

cannot obtain pure air readily, however, they can tolerate

the stenches without much discomfort.

The velocity of air through compressed-air lines in metal

mines is usually hundreds or even thousands of feet a minute,

so that transmission of a stench is rapid. Warning by stenches

is particularly adapted to mines equipped with compressed

air. In coal mines, where only the ventilating current is

available for carrying a stench, the average velocity is low, of

the order of 200 feet a minute or less. If the velocity of the

air in a compressed-air line is rapid, a small quantity of

material would give more effective warnings than the same

quantity in a ventilating current, because of being liberated

in concentration at the points where most needed, and being

less diluted with air. However, the method may be useful in

some mechanically ventilated mines where compressed-air

lines are unavailable.
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The stenches were first tried in the laboratory and those

that seemed most promising were then tested in the experi-

mental mine of the Bureau of Mines. Later tests were made in

the large metal mine of the North Butte Mining Co., at Butte,

Monf., the Central mine of the North Star Mining Co., and the

Empire mine of the Empire Mining Co., both of Grass Valley,

California.
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the chemicals tried, butyl mercaptan is the best adapted
for the purpose in view, but as yet there is no commercial
source of this substance. Ethyl mercaptan, butyric acid, and
amyl acetate, which may be obtained of chemical supply

houses or manufacturers, give excellent results.

C>bviously a stench should not be toxic. In order to make the

warning harmless, under any possible conditions of misman-
agement, nontoxicity or absence of injurious effects on the

human system is the first necessity. Also, the vapor must
have no lachrymatory or other irritating effect on the eyes,

lest miners become unable to find their way.

The vapor pressure of a chemical may be considered a

measure of the rate of evaporation. The higher its vapor

pressure, the more rapidly a substance evaporates and the

greater the quantity of it that a given volume of air will hold.

Moderate vapor pressure is needed to prevent the possibility

of an excessive concentration of the chemical in any part of

the air of a mine. Although it is advantageous to be able to

create in the escaping air such concentrations as when diluted

with the surrounding air in the mine, will give the desired

effect, yet the maximum concentrations possible should be low

enough to prevent harmful effects, even if breathed undiluted

for a time. By the use of chemicals with a lower vapor pres-

sure, the breathing of vapors in excess of certain comparatively

low concentrations is automatically impossible.

The odor preferably should be disagreeable, rather than

pleasant, in order to be most effective as a warning, and should

be distinctive, so that there would be no danger of mistaking it.

Substances that can be readily obtained in the market at

moderate prices are to be given preference; but if such sub-

stances do not answer the purpose, those that may be pre-

pared without difficulty in the chemical laboratory are to be

desired.

EXAMINATION OF ODORS IN THE LABOEATOKY

The apparatus used for the examination of the stenches,

the "odorometer," consisted of a number of flow meters of the

Venturi type, so arranged as to pass a measured volume of air,

flowing at a uniform rate, over or through the substance, and
then to mix this concentrated air-vapor mixture with pure

air in various measured quantities flowing at uniform rates.

The concentration of the substance was measured by deter-

mining the loss in weight after the measured air had passed

through it. From this data and the total volume of air with

which the substance was mixed, the concentration in parts

per million, grams per cubic foot, and cubic centimeters per

1,000 cubic feet were calculated. The air with the admixed

chemical was passed through a rubber tube with a glass

funnel at the open end. The funnel, when placed over the

nose, enabled the operator to smell the mixture before it

became contaminated with room air.

The apparatus was placed in a hood provided with strong

suction and the room was well ventilated to prevent the oper-

ator from continually smelling the odor, as this would tend

to lessen his sensitiveness to differences in the degree of con-

centration.

An arbitrarv scale for odors of five degrees of intensity was
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adopted. The degrees are called: (1) Detectable, (2) faint,

(3) quite noticeable, (4) strong, (5) very strong.

Only one inhalation was used to determine intensity. The
position on this scale of any strength of odor depends on the

sensibility and judgment of the individual, but with one per-

son conducting a test from start to finish, the method has

been found decidedly satisfactory.

TESTS IN THE EXPERIMENTAL MINE

The experimental mine of the Bureau of Mines, shown in

Fig. 1, consists of two parallel drift entries, 1,308 feet long,

called the "main entry" and the "air course," and one pair of

butt entries, driven to the left at points 850 and 900 feet from

the mine opening, with a set of five rooms turned from No. 1

butt. The air enters the air course at a point 135 feet from
the mouth, from a gallery slant 350 feet long. For these tests

the fan was run as a blower, the air current intaking on the

air course and returning on the main entry.

The compressed-air line extends in the air course to a point

650 feet from the mouth (A 650), where it passes into an

expansion tank and water trap, with a small opening for the

discharge of the accumulated water. The tank is placed in

the cut-through, about 15 feet from the ventilating current.

From this point the line extends along the air course, up No. 1

butt, and through the rooms, as shown in Fig. 1. In the first

cut-through between the butt entries the air operates a small

reciprocating water pump. The line is 2-inch pipe throughout.

DETAILS OF THE INJECTOR

The liquid chemical was dropped into the compressed-air

line just outside the engine room containing the compressor

and receiver.

The mechanism used for injecting the chemicals into the

air line is shown in Fig. 2. It consisted of a pressure in-

jector, such as is used for oiling steam-engine cylinders, which

was screwed into an enlarged section of pipe built into the

air line. Pressure was admitted to the space above the liquid

;

a needle valve on the bottom regulated the flow of liquid into

the pipe. Directly underneath the injector a wire screen was
placed in the pipe, slanting upward in the direction of the

air flow. A second screen was placed about one-fourth of an

inch behind the first screen in order to catch any drops which

might be thrown through the first screen before being vola-

tilized. The container being calibrated, the volume of liquid

present at any instant could be read directly by means of a

vertical scale on the outside of the glass. By taking frequent

readings of the quantity remaining in the container and timing

the flow with a stop watch the rate of injection of the sub-

stance into the air line could be carefully regulated.

METHOD OF CONDUCTING TESTS IN THE EXPERIMENTAL MINE

A measured amount of the liquid chemical was placed in the

injector, and at a prearranged time this was allowed to drop

on the screen in the air line, the rate of injection being con-

trolled by adjusting the needle valve.

The air was allowed to discharge into the mine at the

positions of the observers, as shown in Fig. 1. A compressed-

air puncher was operated at the face of one or the other butt

entries (observers 3a and 3b), the pump in No. 1 butt was
started (observer 2), and valves at the expansion tank at A
650 (observer 1), and near the face of 5 room (observer 5),

were opened just enough to allow a slight leak. In some of

the tests, when the puncher could not be operated, the valve

was opened to allow about the same quantity of air to pass as

when the machine was in use. Each of these observers was
placed about 15 feet from the outlet of the pipe, except at

the puncher where the men were operating the machine in the

usual manner. In addition observer 4 was placed in No. 2

butt, just out by the last cut-through, and another (No. 6) at

the mouth of ihe return entry. In order to reach this last

observer, the odor had to be carried by the ventilating current

a distance of 1,950 feet—that is, from the junction of No. 2
butt, and the , last cut-through, near observer 4. The time
at which the odor reached each station was noted, the watches
of all observers having been previously compared. The ob-

servers were instructed to record in each test the time at

which the odor became so strong that it would be observed with
certainty, even if it were not being expected.

TESTS IN THE NORTH BUTTE MINE

Tests were conducted at the Granite Mountain shaft of the

North Butte mine, Butte, Mont., to determine the effectiveness

of stenches under actual working conditions in a large metal
mine. The following extracts are from a report by Daniel
Harrington, mining engineer of the bureau, who directed

the tests

:

"The North Butte mine, chosen in which to make the test, is

one of the largest and most extensive mines in the Butte dis-

trict, having active workings at practically all horizons from
the surface to the 3,600-foot level and an output of over 2,000

tons per day. Several different veins are worked, and the

mine has upward of 30 miles of levels and many additional

miles of raises, manways, stopes, etc. Over 1,000 men, about

FIG. 1. PLAN OF EXPERIMENTAL MINE, SHOWING CONDI-
TIONS DURING TESTS OF STENCHES

500 being miners, are employed underground on two shifts,

when the mine is producing at a maximum rate, though the

underground force at time of making the tests was probably

less than 700, probably 375 being miners.

"Approximately 10,500 cubic feet of free air is compressed by

three air compressors near the Speculator shaft and conveyed

by pipe about 700 feet to the collar of the Granite Mountain
shaft, thence down the Granite Mountain shaft to the various

levels, the air pipe on various levels being 2 and 3 inches in

diameter. All working faces are supplied with compressed air,

and when working at maximum capacity the three compressors

are unable to supply enough air to keep the pressure in the

underground lines much above 50 pounds, and the pressure

frequently is less than 50 pounds. At time of (making the

stench tests only two compressors, with a capacity of about

7,000 cubic feet of free air per minute, were required, giving

a surface air pressure of nearly 90 pounds and an underground

pressure of about 80 pounds.

"From the above it will be seen that the velocity of compressed

air in pipes would be much greater when the mine was working

at maximum capacity (as in the summer of 1918) than when
the stench tests were made ; hence stench odors would probably

be transmitted to working faces more quickly under conditions

of maximum ore production than the tests show.

"The mine has about 350 compressed air drills at work when
operating at maximum capacity, and at the time of making

the tests probably 150 drills were in use. Drills will, in gen-

eral, use about 50 to 80 cubic feet of air per 'minute, and a

drill will average 1% hours actual drilling (using compressed

air) per 8-hour shift.

"The mine is one of the best ventilated in the Butte district,

having two upcast shafts, each with an electrically driven.
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suction fan at the surface and one upcast shaft using natural

ventilation. The main downcast shaft is the Granite Mountain,

which distributes more than 82,000 cubic feet of air per min-

ute to regions below the 2,000-foot level, as follows : 8,600 feet

on the 2,200-foot level, 17,800 feet on the 2,400, 22,200 feet on

the 2,600, 16,300 feet on the 2,800 and 17,200 feet on the 3,000-

foot level. In addition, a small fan electrically driven forces

air through canvas pipe from the 3,000-foot level to the faces

of cross-cuts between the 3,000 and 3,600-foot levels; and on

various levels air is distributed to the faces of drifts, crosscuts,

raises, and stopes by means of small fans and canvas pipes.

The velocity of air in the canvas pipe ranges from 2,000 to more

than 5,000 linear feet per minute. This mine is much better

ventilated than most metal mines, but it should be borne in

mind that the stench tests as conducted were not in the

slightest degree affected by the fan ventilation and the results

attained would have been the same had there been absolutely

no fan ventilation in the entire mine. This is important, as

it would be fatal to rely on fan ventilation to convey warnings

in metal mines. Comparatively few metal mines make any

attempt to insure air circulation at the working faces where

most of the men would be working and where the warning

would be most needed. The tests show that fan ventilation is

not necessary to the success of stenches as warning in metal

mines, the compressed-air system being sufficient in itself.

FIG. 2. DETAILS OF THE APPARATUS USED FOR INJECT-

ING STENCHES INTO THE COMPRESSED-AIR LINE

"Through th kindness of Mr. N. B. Braly, general manager

of the North Butte mine, an apparatus for introducing the

stench had been placed in a building near the collar of the

Granite Mountain shaft, the apparatus being so situated and

constructed as to be of use permanently provided the tests

were a success. Unfortunately, about 25 feet or more of 1-

inch pipe intervened between the point of introducing the

stench material and the point at which it reached the main air

pipe. Tests 1 and 2 proved that the small amount of stench

fluid, with essentially the same pressure both before and behind

it would not be effective by the time it traversed this 25 feet or

more of small pipe. After the second test I pointed out this to

the general superintendent, Mr. I,. D. Frink, and he had the in-

troducing apparatus placed immediately over the main air pipe

in such manner that every drop of the stench fluid imme-

diately entered the main pipe. With this rearrangement of ap-

paratus Test 3 was a complete success."

CHARACTERISTICS OF THE STENCHES USED IN MINE TESTS

Butyl mercaptan has a powerful and exceedingly disagreea-

ble odor, even when used in small concentrations. The odor

is characteristic of this substance and will not be confused

with any odors commonly found in mines. The rapidity of

evaporation is moderate; therefore, there is little danger of

getting too strong a concentration. If the substance is used

in excessive quantities, it is difficult to clear the mine of the

odor. The chief disadvantage to using butyl mercaptan as

a stench warning in mines is that it cannot be obtained in

the market at present, but a manufacturer is experimenting
with a view to producing it. Butyl mercaptan can be made
in the laboratory, and, if desired, instructions for preparing

it will be furnished by the. Bureau of Mines.

Ethyl mercaptan is also an excellent stench, having a disa-

greeable and characteristic odor. Ethyl mercaptan evaporates

rapidly, however, and care should be taken not to use it in

greater concentrations than 8 c.c. per 1,000 cubic feet of free

air. When not in use it should be kept in a tight con-

tainer. Ethyl mercaptan may be obtained in the market in 1-

gallon cans or 5-gallon drums.

Amyl acetate, which is artificial banana oil, evaporates

readily and gives a rapid and sure warning throughout a

mine. The odor is rather pleasant to most people, and there-

fore is not so suitable a warning as one more disagreeable.

Amyl acetate is inexpensive and can be readily obtained from
any paint dealer or chemical supply house in quantities

desired.

Butyric acid is readily obtainable in the market. Unless

the concentration used is large, however, the odor may not

be distinguishable from other odors existing in mines. The
odor is very unpleasant when strong, but is not nearly so disa-

greeable as that of the mercaptans. Butyric acid evaporates

slowly, as compared with the mercaptans and the amyl acetate,

and difficulty might be experienced in having the air take up
enough to permeate thoroughly a very large mine, or one using

a large quantity of air in the ventilating current.

Valeric acid, which may be readily obtained, has about the

same properties as a warning stench as butyric acid. The odor,

however, is not easily distinguished from mine odors. This

substance evaporates much more slowly than butyric acid,

and strong concentrations in air are difficult to obtain. Where
the ratio of ventilating current to compressed air is high, it

would probably be impossible to pass enough of the material

through the air line to obtain the desired concentration through-

out the ventilating current.

All of the above substances are known to be harmless, even

in strong concentrations. When the tests were made in the

experimental mine, the men were told to go to fresh air if

affected by the smell, but they all stayed in their places. They
knew that a small quantity was to be used and expected the

odor to last only a short time. One man complained of a slight

headache during the first test, in which butyl mercaptan was
used, but this passed away after he had been assured that the

vapor was harmless.

The tests at the experimental mine were performed in sum-

mer. Those at the North Butte mine were performed in

February, when the outdoor temperature was 24°F., and that

of the air in the pipes at the point of injection was 93°F. It

is possible that, in cold winter weather, with cold air in the

pipes at the stench injector, different results would be obtained

on account of the lower vapor pressures at low temperatures.

Where the pipe line is exposed to extremely cold weather,

ethyl mercaptan should be used in order to obtain sufficiently

rapid evaporation, because the other less volatile compounds

might be condensed in passing through the cold pipe.

At cold winter temperatures, amyl acetate may give trouble

by flowing more sluggishly. No trouble would be experienced,

however, at the usual engine-room temperatures.

After the apparatus has been used for sending a warning, it

should be taken apart and thoroughly cleaned, particular care

being taken to see that none of the liquid remains in the pipe.

This is to prevent the possibility of an excess quantity being

used in a subsequent warning.

If it is desired to teach the miners the nature of the odor

to be used as a warning this should be done by having them

smell vapor issuing from a nozzle or other small outlet, and

not by putting them into a room where the air is saturated

with the odor. If the latter method is used, the miner's gar-

ments, unless thoroughly aired, might carry enough of the

vapor to give a false warning later in the day.



A 15-30 HP. MOTOR AND CONTROL OUTFIT SHOWING REPLACED
STEAM ENGINE USED AS A" COUNTERSHAFT OPERATING A WELL

AT COALINGA, CALIFORNIA

A WE'LL AT MONTE CHRISTO, CALIFORNIA, SHOWING
THE DISCARDED STEAM ENGINE WHICH HAS
BEEN REPLACED BY AN ELECTRIC MOTOR

Electricity in the Oil and Gas Industries
'A New and Promising Field in Which the Electric Motor Is Replacing the Steam Engine

By C. S. Carter

OIL and gas have a common source. The efforts neces-

sary to obtain the one are equally necessary to obtain

the other, and often when one is being sought the

other is found. Consequently the two industries—if they may
be called separate industries—are very closely related, and

the information given herein applies to both oil and gas

wherever the same processes are necessary in order to deliver

the two products to the consumer.

The methods of drilling for oil are the same as those em-

ployed in drilling for gas. After a well is brought in, of

course, it is not necessary to put the well on the pump in

the case of a gas well, as is generally done with oil wells, but

often water has to be pumped from a gas well and this re-

quires pumping power. The refining of oil does not have a

corresponding process in the delivery of gas to the consumer,

but the manufacture of gasoline from casing head gas is a

rapid development in which electric power is playing a part of

ever-increasing importance.

OIL AND GAS PRODUCTION

The actual drilling of wells by electric power is a compara-

tively new field of operation for the motor, but it has been

given sufficient trial to make it very promising that electricity

will sooner or later replace other methods of drive for this

purpose, wherever power companies can be induced to extend

their lines.

The pumping of wells by motors was accomplished a good

many years ago, even when the electrical industry itself was

comparatively new. The motors, of course, had not reached

the present high state of development, but the subsequent

study which electrical engineers have given to field conditions

has enabled the oil well motor to keep pace with the general

progress of the electrical industry. Suffice it to say, in no

device for the furnishing of power can its characteristics be

so predetermined nor can these characteristics be so carefully

designed to meet an extremely varied set of conditions as in an

electric motor.

DRILLING BY CABLE TOOL OR STANDARD METHOD

Two considerations have to be taken into account when

drilling by the cable tool or standard method, that is—the nec-

essary motion for the drilling operation and the necessary

torque or power to handle the casing, tools, etc. The driving

unit should increase in speed when the load is released ou
each stroke, so that the bit drops freely. The bit should also

be caught on the rebound, so that the drilling cable is not
whipped at each stroke. The actual power required for this

operation is from 15 to 30 hp., at comparatively low speeds.

To handle the casing and tools a capacity of from 50 to 75

hp. with heavy overload torque for short periods is required.

The two-speed oil well motor used for this purpose is rugged
and is built for heavy torque so that it can exert several

times its full load torque for short periods of time without
injury. The comparatively small diameter of the rotor means
small flywheel effect, thus giving a quick reciprocal motion
which is necessary for fast drilling. For handling casing

and bailing sand, the motor is operated at high speed in

order to save time. The operation of the control is extremely

simple and does not require any technical knowledge. The
speed control gives almost any pick-up speed that may be
desired, thus furnishing the necessary "kick" or motion at

each stroke of the bit.

REQUIREMENTS FOR ROTARY DRILLING

The principal requirement for rotary drilling is the conti-

nuity of service of the "slush" pump. This requires a 15 hp.

to 30 hp. motor with a large range of speed control in order

to vary the pressure. This pressure may run as high as

500 lbs. per sq. in. Since it is usually very dirty and sloppy

at the pump, it is preferable to belt the motor to the pump
with the motor some distance away.

To operate the rotary equipment a drilling motor is belted

to a countershaft and the countershaft is connected by chain

to the rotary rig, in exactly the same manner as is the steam

engine. The controller wheel is connected by a flexible wire

to a point close to the driller's position.

MOTORS FOR PUMPING SERVICE

Oil well pumping naturally falls under two classifications,

identified by their method of pumping. These two methods

are really determined by the depth of the well. Within certain

limitations the shallow wells are "put on a power" and deeper

wells are pumped "on the beam."

In pumping "on the beam" the standard derrick is left at

the well and the band wheel is connected to the motor

through a countershaft.
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The motor recommended for this service is a 15-30 hp. two-

speed, variable speed motor, giving moderate speed for pump-
ing on the 15 hp. winding. The pumping side of the motor

gives a motor speed, which can be varied from 600 r.p.m. to

800 r.p.m., with a corresponding variation in pumping speed.

The motor may be operated continuously at any speed be-

tween these limits giving a wide range of speeds to fit the

characteristics of the well.

When it is desired to clean the well or remove rods, tubing,

or casing, the simple moving of a switch handle changes the

THE CONTROL EQUIPMENT ALL WIRED UP AND READY
TO BE INSTALLED

motor over the 30 hp. side, giving twice the power and speed

for cleaning and roustabout operations.

The motor used for this service is designed for operations

on 440 volts, three-phase, 60 cycle, but will also operate satis-

factorily on 50 cycle, circuits. It has a heavy rolled steel

frame and heavy substantial bearings, giving the strongest

possible mechanical construction.

Control equipment for pumping must be simple and rugged

in order to give the operator at all times the exact motor speed

he requires. The wide range of speed control makes the

equipment suitable for all needs of the oil and gas fields.

Without going into details as to the numerous advantages

obtained by the use of electric drive, it may be said that the

principle advantages to the operator are increased production

and decreased operating costs. Also the economy of operation

secured often enables wells to be pumped profitably at a lower

production than is possible with any other form of power.

The large number of electric motors now used for pumping

v\ells in the various oil fields afford abundant evidence of the

desirability of this form of drive. One of the large power

companies in California supplies power for the operation of

more than 1,100 wells.

Specific example of the savings effected is well illustrated

in the case of a certain oil company in the California fields,

which formerly had a battery of boilers supplying two steam-

engine-driven wells. The operation required 25 barrels of

oil a day, at a selling price of $1.23 a barrel. There were

two attendants at a cost of $120 a month each, making an

operating cost of $922.50 for fuel and $240 for labor, a total

cost of $1,162.50 a month. Also a part of the superintendent's

time was devoted to the care of the boilers and engines.

Electric motors were substituted for steam engines and the

total power costs amount to about $2 a day or $60 a month.

The motors require so little attention that the superintendent

himself looks after them, and thus a net saving of approxi-

mately $1100 a month is effected.

Another oil company—a small producer—was operating a

well by steam, the fuel alone costing him about $300 a month.

This customer installed a 15-30 hp., 2-speed, oil well motor

and his power bill now runs up from $15 to $±$ a month.

These are only a few of the many cases where material
saving has been effected.

CASING HEAD GASOLINE INDUSTRY

A rapid development closely allied to the producing end
of the petroleum and gas industries is found in the extract-

ing of gasoline from gas.

The casing head gas is taken from the wells through long

vacuum lines to a central vacuum station, and several vacuum
stations are connected in turn to a central compression sta-

tion. The contracts between the gasoline companies and
well owners usually call for the return of the residue gas
to the well owners.

This expensive gas line together with the difficulty of getting

this gas back, particularly in cold weather, presents some un-

usually difficult problems to the gasoline manufacturer. Elec-

tric drive permits a better distribution of the vacuum sta-

tions, since with a gas engine drive it is necessary to con-

centrate this equipment in order to minimize attendance.

With electric drive no attendance is necessary at the vacuum
stations. These stations, electrically driven, can be located

more efficiently with respect to the wells, thus cutting down
the vacuum lines which are hard to maintain. Furthermore,

by supplying electric power to the fields over the same trans-

mission line it is possible to eliminate entirely the residue

return line.

Gas engine driven compressors in gasoline plants have at

times been the source of some very destructive and fatal ex-

plosions due to the proximity of the highly volatile gases to

the engine ignition. Squirrel cage motors practically elimi-

nate this hazard. All switches and circuit breakers are oil

immersed.

OIL REFINERY USES OF ELECTRICITY

All refineries require electricity for illumination. Power
is also required for oil pumps, air compressors, machine shops,

pumps for water supply, circulating pumps for condenser

boxes, motors for wax plant, and electricity for arc welding.

GASOLINE PLANT NEAR BARTLESVILLE, OKLAHOMA. THREE
50-HP. MOTORS DRIVING TWO 2-STAGE VACUUM PUMPS

AND ONE COMPRESSOR

In many fields where electricity is not available the question

of lighting the rigs and other parts of the field equipment has

been one affecting the safety of the installation and the

efficiency of the labor. Gasoline compressor stations and

vacuum stations require safe and effective illumination. This

is possible only with electricity. Many of these stations

which are not entirely electrified are equipped with direct

current generators for lighting. The generator is sometimes

belted to the line shaft driving the station pumps.



The Development of Welded Ships*
Some of the Advantages of Electric Welding Over Riveting in Ship Construction

By William T. Bonner

ELECTRICALLY welded jointures, when properly made,
are superior to every other method of connecting to-

gether the various parts of a ship.

Ninety per cent or more of those who have thoroughly in-

vestigated the subject . are convinced that welded joints can

be made more than 100 per cent efficient for strength, but

most of them qualify that conviction with the corollary that

100 per cent strength welds can only be obtained by competent,

conscientious operators.

As compared with riveting, welding affords the true mechanic
far greater opportunity for the exercise of skill in the heat

treatment of metals, study of relations between electric energy

and the physical structure of his work, ingenuity in the ar-

rangement of his jigs and forms and, according to the degree

of proficiency which he attains in these lines, greater re-

muneration.

The ideal welder, one who can be depended up to satisfy the

Classification Societies' requirements, differs very materially

from our estimate of the average riveter as we meet the latter

day by day. The characteristics which fit him for, his work are

as largely mental as physical and the work itself further

develops his acuteness of mind, powers of observation, judg-

ment and ingenuity.

As in other departments of shipbuilding, thorough mastery

of the welding art cannot be obtained either through corre-

spondence or so-called welding schools. It is just as necessary

for a welder to learn by experience how to assemble and pre-

pare his parts and to conduct the various finishing treatments,

as to gain dexterity in drawing an arc.

The latter can easily be picked up while serving his appren-

ticeship in the former, hence my preference always to choose

my welders from among the handy ship workers, boiler

makers and forge shop helpers. These men have learned heat

treatment and know how to handle tools and the degree of

intelligence they show in manipulating the arc will indicate

the measure of their success as welders.

The conditions which I have enumerated as the price of

success may not appeal to the rank and file of the workers,

as evidenced by our experiences of the past year or more,

but I am hopeful that we shall shortly witness a reorganiza-

tion of labor by which the better element may be divorced from

the drones and those who have both ability and desire to

advance, be left free to attain that eminence which is the

due of every earnest worker.

WELDING DEFINED

The development of welded ships may be regarded as the

obverse corollary of the elimination, or partial elimination of

riveted work and the substitution therefor of welded jointures

in the construction of marine vessels.

In my dealings with this relatively new art I have contin-

ually featured the word "jointure" as indicating the act of

joining, or condition or being joined at a common point, a

plurality of structural members.

Similarly, I employ the expressions "fillet weld," "butt

weld," etc., to describe the mass of metal deposited as a pro-

gressive casting, for the jointure of a plurality of members into

homogeneous mono-structures, as by welding, at their con-

junctive edges.

These may be called "unified" or "unific" structures.

If further definition be required it should be understood that

Delivered April 9, 1920, before the Delaware River Section,

American Society of Marine Draftsmen, at the Engineers' Club of

Philadelphia. Reprinted in abridged form from the Journal of Engi-

neers' Club of Philadelphia, July, 1920.

the fused weld material, e. #., the weld, is in reality a casting

and therefore has its limitations as to tensile strength, duc-

tility and elongation. As we progress in our development of

the art we shall no doubt learn to convert our cast steel or

other metal welds into jointures of high ductility just as we
learned, long ago, to convert our steel ingots into forgings.

The mere fact of our not having attained this proficiency in

welding should not defer its progressive adoption for, even
though we wholly ignore ductility and elongation in our catalog

of virtues, its tensile strength and adaptability for multitudes

of ships' jointures places it far in the lead of riveting.

By using welded jointures we obtain maximum strength

with minimum weight of parts. We effect great savings in the

construction cost by eliminating various processes such as

templating, punching, riveting, chipping and caulking plates,

slotting or notching beams and plates for inserts, shaping and
forging difficult brackets and angles, and the many other

operations akin thereto.

It is not claimed that the actual welding of plating joints

is more rapid or less expensive than riveting but, considered

as a whole, welded construction can be executed more rapidly

and with less expense than the aggregation of operations

which, together, constitute riveted construction.

By no possible means can a riveted joint be made stronger

or more durable than the plate itself, neither can the loss of

strength due to perforating a plate be regained, even in part;

by filling the hole with a rivet.

With welding it is only necessary slightly to increase the

area of section to obtain a joint having 100 per cent plus

efficiency.

METHODS OF WELDING

In the development of welded ship construction it is already

evident some one system must ultimately survive as the fittest

of the many methods now offered for forming the joints.

First, we have the Forge Welding which has served its pur-

pose through all the ages since the days of Tubal Cain.

Second : Oxy-Hydrogen and other Gas Welding, blow pipe

puddling we might call it, used in various ways and degrees of

efficiency for fifty years or more.

Third : Carbon Arc Welding, first introduced something

over thirty years ago. By this process the current is carried

through a carbon rod to within arcing distance of the plate

and a separate metallic rod interposed in the field of the arc

in such manner as to cause the plate edges and metallic rod

to fuse together as a homogeneous weld. Like gas welding

the carbon arc is more or less of a puddling operation and as

such is relatively slow, limited in application and expensive.

Fourth : Thermit Welding, invented by Goldschmidt. This

has a wide range of application and gives excellent satisfac-

tion but, on account of having first to provide a mold for

casting the weld its use in ship construction is rather limited.

Fifth : Electric Spot, or Compression Welding ; also known

as Resistance Welding, developed by Elihu Thompson. For

ventilator cowls, stacks and other light plate work and for

end butt welding railing rods spot welding is both rapid and

efficient. It is not, however, suitable for heavy plating joint-

ures first, because the intermittent spot welds have no advan-

tage over rivets for water tightness, and, second, the frequent

pulling away of one or more spots among a group renders the

process too uncertain to risk its use for important structures.

Moreover, the great weight of units, if employed in field work,

would make the cost of equipment prohibitive and the size of

generating station necessary for supplying the 100.000 or

246
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more amperes of current required for welding y2 " plates

would likewise prevent its extended use.

Sixth: Metallic Arc Welding, first patented by a Russian
in 1S87. In its present highly developed state this system
appears to meet every requirement of the modern shipbuilder

excepting perhaps, the welding of hull plates under water. It

is entirely feasible to weld bulkhead plates and other fixtures

to the innner surface of hull plating below water line while

ship is afloat and it excels both gas and carbon arc welding
in that vertical and overhead seams can be perfectly made by
any experienced operator. Moreover, with the possible excep-

tion of low ductility and elongation, good metallic arc welds
are practically 100 per cent efficient.

Further than this it would not be possible, within the limits

of a single paper, to discuss the merits of the systems I have
enumerated and also give the attention to questions of con-

struction which I know are of far greater interest to you as

designers.

Before passing on, however, I desire to relieve your minds
of any fears you may have regarding the possibility of danger
due to grounding the ship for arc welding. There really is no
danger, especially where direct current apparatus is used,

since the strength of current carried by the welding leads

seldom exceeds 25 volts.

THE ULTIMATE SURVIVAL OF WELDED CONSTRUCTION

In a contribution to the current number of Marine Engineer-

ing I made the statement that welding has really suffered

most at the hands of certain over-enthusiastic friends who
urged the building of structures much beyond the proper ca-

pacity of their organization and equipment.

Making haste slowly has proven particularly beneficial in

the development of this new method of ship construction be-

cause it is enabling builders gradually to readjust their person-

nel and accumulate the necessary mechanical equipment.

These have been very necessary preliminaries which, fortu-

nately, are being successfully accomplished and there now
appears to be nothing in the way of attempting the larger prob-

lems beyond the organization of the welding staff. Will our

shipbuilders rally to the new standard? Of course they will.

Welded ship construction, as I said at the outset, is hound to

survive as the fittest of our present known methods and, to

repeat my preceding statement, the riveters and their allied

operatives, will be welcomed to the welding ranks with every

prospect of peace and profit to all who conscientiously en-

deavor to make good.

"permissible ship's welding"

tin
their last official Circular (No. 1328) of October 6th,

1919, Lloyds' state that "proposals to electrically weld parts of

a vessel other than those previously listed * * can be granted
* * provided the arrangements proposed are considered to be

satisfactory and the system of welding intended to be employed

has been recognized by the Committee as complying with the

prescribed regulations and tests."

In this connection I may add that Lloyds' present attitude

toward welding is all that can be desired, as I think you must
admit from the statement made to me less than ten days ago
by Mr. H. J. Cox, Assistant Chief Surveyor for the United
States and Canada, that they stand ready to accept electric
welding for any and all portions of vessels building to Lloyds'
classification provided, of course, said welding is done in ac-
cordance with the specification laid down in their circular of
October 6th.

nomenclature

The development of a welding nomenclature and system of
designating symbols occupied a very considerable part of the
Emergency Fleet Welding Committee's attention during its
war time activities and it was my intention to reproduce for
you the various typical designs and symbols which they pro-
posed should be standardized for general use.
My reason for not carrying out that intention is this: The

briefest reproduction I have found of the so-called official
nomenclature covers twelve 8" x 10" pages of pica type and
small design sketches, and it seemed to me inadvisable to
burden my story with a repetition of matter which has already
been used by a number of catalog publishers.
Whether the Welding Committee's code will ever come into

general use among marine draughtsman is a question owing
to its very complex nature, but I have no doubt its adoption
or discard will be automatically .accomplished as a natural
operation of our daily experiences.

It is my belief that a very limited nomenclature, with not
more than three or four characteristic symbols, will meet
every requirement of inter-communication between draughting
room and shop. If the foreman welder can be given a simple
yet definite direction as to the strength or pressure require-
ments, plus arrangement of structure usually found on draw-
ings, he will no doubt be fully competent to properly interpret
that direction and perhaps execute the work more efficiently
than he would with a drawing so filled with symbols and legen-
dary directions as to place its interpretation far beyond the
capacity of any ordinary mechanic.
Every arc weld of whatsoever form may be classed as a

fillet weld (F), butt weld (B) or a plug weld (P), as may be-
better understood by reference to Sketch Figs. 1 to 8 inclusive.
According to position these become' ^a* side or overhead welds

as, for illustration, in Fig. 1 the F welds axe flat while at B
is shown as an over-head butt tceld. By turning Fig. 1 to the
position shown as Fig. 2, B and F become side welds and F1 an
overhead weld.

By turning Fig. 1 still further to position as in Fig. 3, B
becomes a flat weld while F is an overhead weld.

In Fig. 4 the B and F welds are differently combined to pro-
duce a butt strap weld, or jointure, yet no essential change
need be made in the instructions required for the proper inter-

pretation of shop drawings which are usually
complete at least to the extent of showing
the assembly of parts.

In Figs. 5 and 6 the plug weld (P) is in-

troduced as a means of attaching angles or

FIG. 1. FLAT FILLET (F) AND OVERHEAD
BUTT (B) WELDS

FIG. SIDE AND OVERHEAD
WELDS

FIG. 3. FLAT (B) AND OVERHEAD (F),
WELDS
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other like members to plating. This form of arc weld is a
cheap but very efficient substitute for riveting and does not

require any perforating of plates.

Figs. 7 and 8 show another application of the F welds. If

only one of the plate edges is to be welded, a single F can be

used for its designation, but if both edges are welded the joint

may be referred to in specification as FF and the symbol F
shown against each plate edge on the drawing.

Further than above, it does not seem necessary to venture in

the exploitation of symbolic directions for welding.

ELIMINATION OF UNNECESSARY MATERIAL

In conclusion let me suggest that in the preparation of

drawings and shop orders for the fabrication of welded struc-

FIG. 4. BUTT STRAP WELD

tures the designer should keep constantly in mind the lesser

dimensions of the plating required because of substituting

open butt joints for the customary riveted laps.

He should also take advantage of the many opportunities

for eliminating angles and other junction members so essential

for riveted jointures but wholly unnecessary in electrically

welded seams. ,

It is recommended that the designer consult freely with the

welding engineer when developing the layout of new work as,

between them, more efficient and economical results are se-

cured.

A REVOLUTIONARY DEVELOPMENT

It should also be borne in mind that no holes are re-

quired in plating or shapes either for permanent jointures or

assembling.

The latter operation is a special development of the welding

art and its accomplishment emphasizes the possible elimination

of the layer out, all operations accessory to riveting and the

greater portion of all mold loft and template work.

Plates for the welded ship will be mill sheared to specifica-

tion and templates furnished by drafting room, delivered di-

rect to job and erected without further fabrication except in

special cases requiring beveling or shaping.

By some these ideas will no doubt be considered revolu-

F.
/'

Ml &./F

FIG. 5. SECTIONAL VIEW OF PLUG WELD

tionary in the extreme and yet, who among them all, can prove

my statement wrong?

It is not many rods from this platform to that sacred spot

where, less than a century-and-a-half ago, the greatest revolu-

tion in all history was confirmed and while that success may
not stand as the godfather of all revolutionary propaganda

promoted within the shadow of Independence Hall, my ex-

perience with welding prompts the belief that the present

• decade will witness the complete realization of my prediction.

ARCHITECTURAL REASONS FOR BARE HEADS IN
THEATERS

Much has been written about the proper planning of an
auditorium to secure good acoustics, which are even yet only
too rare. But less attention has been paid to the securing of

good visibility in lecture rooms and theaters. This is especially

important in amphitheaters, in colleges, and medical schools,

in which it is necessary for all the students to be able to see
what is taking place upon the table in front of the professor.

J
FIG. 6. PLAN VIEW OF PLUG WELD

This matter was recently made the subject of very careful

study and extensive calculations, by an architect named
Limongelli, resident in Egypt.

If we suppose the tiers of an amphitheater to be equi-

distant in plans then a geometrical tracing will show that the

generatrix curve which passes through the eyes of all the

spectators (supposing them for the sake of the argument to

be all of the same size), will be a curve whose concavity is

turned upwards and whose radius of curvature increases with
the height of the seat. But the geometrical tracing of this

curve, point by point, lacks precision, and, furthermore, it

does not enable us exactly to determine a priori the height

above the parquet of the highest seat in the amphitheater ; but

it is necessary for the architect to have such data in his pos-

session when he is drawing his plans. Mr. Limongelli has
succeeded in determining by calculation this magnitude, and
while his figures are only approximate they are sufficiently

precise for practical purposes.

He supposes three possible cases in the requirements of an

amphitheater containing fifteen tiers of seats at a distance of

90 centimeters apart. If the audience is composed of bare

headed students, assuming the top of the head be fifteen

-F

FIGS. 7 AND 8. SINGLE AND DOUBLE FILLET WELDS

centimeter's above the eyes, there will be a difference of 5.81

meters equaling the vertical height between the eyes of the

student in the top row and the experiment table. If the stu-

dents are placed not directly behind each other but alternately

so that the eyes of each are opposite the space between the

heads of the two persons in front of him, this difference can

be reduced to 2.60 m. which is the minimum, but if, as is the

case in Egypt, the auditors wear "tarbooshes" upon their

heads, then the screen formed by the head of a spectator sit-

ting exactly in front of another spectator, is 10 centimeters

greater, and we find that the difference is increased to 8.85

meters which is a maximum. These mathematical facts indi-

cate quite clearly the advantage of having the seats placed al-

ternately and the importance of requiring all spectators to re-

move their hats, caps, turbans and other headdress.



Construction Work by Cement Gun Methods*

Certain Fields in Which the Pneumatic Method of Laying Cement Is of Special Advantage

By Arthur J. White

ONE of the most interesting mechanical devices that has

been brought before the engineering world for some
time, and one that gives the most promise of changing

types and methods of construction, is the device which the

general public tirst saw at the Cement Show in New York in

1910, under the name of the cement gun.

Carl E. Akeley, best known to the world as a hunter and
naturalist, conceived the idea that by the introduction of water,

or the hydrating medium, into the cementitious material eoin-

cidentally with the deposit, he could prevent the setting or

hardening of the material before its application.

We, as engineers, can very readily see where this is a great

advantage, but apparently Mr. Akeley saw more clearly than

the average engineer the absolute necessity for this. He there-

fore conceived the idea of introducing the water into a cham-

bered nozzle through which the dry material, previously mixed,

should be forced by compressed air, and it is on this principle

that the machine is based. As a matter of fact, compressed

air to a cement gun is like gasoline to an automobile; it is

the whole life of it.

Mr. Akeley's experimentation, carried on over a period of

several years, showed the further advisability of dividing the

material into small amounts, in order to prevent the clogging

due to the introduction of too much material into the hose

at one time. This resulted in the development of a method
of intermittent feeding by means of a revolving feed wheel

which allows the intermittent action necessary.

The next governing principle of this machine is that of the

locking and working chambers of a caisson, thus accomplishing

*the result of a continuous operation, as the working or dis-

charge chamber is always under pressure, the supply of

material being introduced through the upper chamber.

The cement gun will thus be seen to be a pneumatically oper-

*Abstracted from the Proceedings of the Engineers' Society of
Western Pennsylvania, March. 1020.

ated machine, dependent on the flow of air to obtain the desired

results. This flow of air not only insures conveyance of the

material to the nozzle, which may be located at a considerable

distance and difference in elevation from the machine, but

also the further beneficial result of having the material pro-

pelled by this pressure against the surface to be covered,

thus insuring a permanency and density far in excess of

any other method. In many instances, this means the elimina-

tion of heavy and expensive forms, for the material builds up
against the backing to a considerable thickness without injury.

It has been found that it is not advisable to apply more than

two inches in one application as gravity will pull it loose.

In operating, the material is first mixed dry and placed in

the upper chamber of the machine from which it travels in

consecutive stages to the lower chamber, and thence through

the hose to the nozzle. The water is introduced through the

walls of the nozzle in needle jets under higher pressure than

the air, thereby causing these jets to puncture this stream of

flowing material. The action in the main hose causes the water

from these jets to become atomized, resulting in the covering

of all the particles with a fine spray.

When this hydrated material is impelled against the surface

to be coated, the first effect is to cause a very marked rejection

of material, which we call "rebound," which upon examination

has proved to be sand, showing that the cement has adhered to

the surface forming a film of neat cement which acts as a
matrix. When this matrix assumes a perceptible thickness,

the sand finds a seat or bed, and the rejected material, or

rebound, grows markedly less. There continues a certain

amount of rejection of this inert material, each grain of

which, however, has performed the function of acting as a

tamper to drive the preceding grains deeper into the matrix

in which they are seated. The result of this pounding action

is to produce a very dense, hard, and durable mortar which

has been given the name of gunite.

FIG. 1. LINING OF PARABOLIC COAL BUNKER WITH GUNITE
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FIG. 2. COATING STEEL GIRDERS
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FIG. 3. ROOF CONSTRUCTION, FORD MOTOR COMPANY, DETROIT

Although this rebound has a definite and useful action, it

also presents a difficulty which must at all times be reckoned

with in order to insure proper and satisfactory results.

Different elevations and different work require different air

pressures at the gun, and these figures are obtainable only

through past experiences. When the correct air pressure has

been obtained (the calculation depending on the class of work
to be performed) it will mean that the impelled material must
have sufficient velocity to result in the rebound being thrown
back sufficiently to clear the reinforcing steel. If, on the

other hand, the pressure employed is lower than it should be,

this rebounding material lacks sufficient velocity and causes it

to flow behind the reinforcing wire or steel and lie in loose

piles forming what are termed as "sand pockets." Sand
pockets are very serious and must be guarded against if suc-

cessful work is to be executed. In cases where the material

is shot into confined spaces, and under unusual conditions,

great care must be exercised and methods developed to over-

come this defect ; otherwise, the work will result in a failure,

since no fixed rule can be stated to overcome the various

difficulties.

The cement gun method of construction offers several ad-

vantages to the engineer.

The material produced is infinitely stronger in all tests than

any concrete or hand-placed mixture yet produced, thereby

permitting a very considerable reduction, in section.

In spite of the greater strength of the product, the cement

gun method is not expected to supersede ordinary concrete

construction for every purpose. It is too slow and too ex-

pensive for heavy work.

It has been proven beyond all doubt that the joint between,

the new and old sections of gunite is as strong as the gunite

itself, and between old poured concrete and gunite it is

stronger than the concrete. An interesting proof of this was
developed on some work in Arizona a short time ago. A
concrete girder was poured and allowed to cure for several

days, after which a gunite knob was shot on the side of this

girder, the surface, of course, having previously been cleaned

and thoroughly wetted down. The top of this gunite knob

was smoothed off to act as a fulcrum, and sufficient leverage

was applied to break down the section. The break instead

of occurring along the cleavage line between the gunite and

the concrete took place within the poured concrete itself.

Fig. 2 shows the main deck girders of the track elevation

of the Chicago, Rock Island & Pacific Railroad, in Chicago,

at Seventy-ninth Street. All deck girders, floor beams, etc.,

on this job were incased with gunite. Owing to the perfect ad-

hesion of gunite locomotive gases cannot attack the steel.

The commercial side of building construction is perhaps

most interesting to us as engineers, however. Low initial cost

sometimes makes a greater appeal to those contemplating

building than does low ultimate cost. Some people are not

able to foresee and calculate the cost of maintenance required

on structural work. This state of affairs has, perhaps, been

responsible for the wide use of corrugated metal for roofing

and inclosing not only warehouses hut various types of in-

dustrial buildings. Such material is short-lived unless thor-

oughly maintained by protective paint, and the necessity of

annually renewing such protective applications piles up main-

tenance costs which, if added to the initial cost of the struc-

tures, would soon reach an amount greater than would have

been necessary to build for permanence and eliminate these

burdensome charges.

Fig. 1 shows the inside of a coal bunker. In the opinion of

the author, this is one part of an industrial plant which is

sorely neglected. Steel in coal bunkers receives a large

amount of wear and tear, not only with wet coal and the sul-

phurous action on the steel, but also owing to the abrasive

action of the coal on the steel. Several methods have been

tried for preservation of this steel, but the author feels very

safe in saying that the one that has been most successful and

most economical is to line coal bunkers with gunite. Owing

to its very density and its close adhesion to the steel, it can

be readily seen that it is an excellent method of protection.

Another type of bunker construction which has been widely

used is the parabolic bunker, hanging like a bag. When these

bunkers are loaded to capacity, the steel conforms to the

load, but with all the large number of instances using this

style of bunker, I can truthfully say that we have never had

any evidence of any breaking or cracking due to the elasticity

of the steel.

There is also another type of bunker, different in design

from the last two mentioned, and that is a patented bunker

constructed of steel bands hung in parabolic shape, on which

is fastened "hy-rib" or "ferroinclave." Several of these

bunkers have been constructed with the cement gun, and in

some instances the thickness of the coating has been as much

as six inches. These have all proven very successful. Lining

coal bunkers when first built is becoming quite a common

practice.

The gas purifying tanks of the Peoples Gas Light & Coke

Company, in Chicago, offer another interesting illustration.

Owing to the enormous demand for gas, which in this instance

is artificially produced, it was found necessary either to
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construct 12 tanks to take care of their peak-load capacity, or

in some way protect the 16 existing tanks so that an even

temperature could he maintained. The author is not very well

versed in chemistry, but believes that together with the iron

oxid which is deposited inside those tanks, steam has to be

injected, resulting in a chemical action taking place, thereby

purifying the gas. During the extreme cold weather, it was

a constant source of worry to the engineers to maintain an

even steam pressure, which had to be kept up to 95 pounds,

and, which I might add, constitute a very expensive item.

Owing to the exorbitant price of steel and the scarcity of

labor, the engineers looked around for some method by which

they could protect these tanks from the extreme cold weather.

The method adopted was as follows

:

A three-inch cork insulation was first placed next to the

steel on both sides and tops. This cork was held in place by

cables, and hot pitch was applied to the joints. Over this was

placed a layer of wire mesh, and gunite was then shot on to a

thickness of 1% inches. The result was very gratifying as

they could purify more gas in considerably less time and the

steam bill was cut practically in half.

Fig. 4 shows a group of oil tanks at the Standard Oil Com-

pany^ plant at Whiting, Ind. These were treated exactly as

described above; but the idea of incasing these tanks was for

the purpose of keeping the cold in, whereas in the previous

ones the cold had to be kept out. The tanks contain the residue

of crude oil which is put into a tank at a temperature of

about 120 degrees. It then has to be frozen down to a tem-

perature of 20 degrees, after which they take off polarine,

vaseline, etc. To illustrate further the saving made by. incasing

these tanks it was shown in subsequent tests carried out that

they could freeze down an 800-barrel tank in 24 hours;

whereas, before this coating was applied, it took from 4S to

72 hours to freeze it—that is, during the summer months.

We now come to a problem which presented considerable

difficulty, and the results obtained along this line with the

FIG. 4. TANK INSULATION, STANDARD OIL COMPANY
WHITING, IND.

cement gun have been very interesting. I refer to steel pro-

tection in acid plants, and I have in mind a sulphuric acid

house of the Mineral Point Zinc Company, at Depue, 111. As
can be imagined, the fumes from acid manufacturing pro-

cesses were very destructive to the metal. The building itself

was originally covered with corrugated sheet steel. At the

end of 2% years the roof had been entirely eaten away and

the side walls were so badly corroded that immediate replace-

ment became necessary.

Before commencing work, the entire corrugated metal roof

and side walls were removed and the structural steel members

were thoroughly cleaned of rust and surface oxidation by

sandblast. American Steel & Wire Company's triangular mesh

was stretched from girt to girt and a temporary backing of

boards placed on the inside, spaced about one inch from the

FIG. 5. PAVING A RESERVOIR AT MUSCATINE, IOWA

steel wire mesh. The wall was then built up to two-inch thick-

ness by forcing the mixed materials from the cement gun

against this backing and fabric. This work has stood long

enough to prove that the walls are entirely weather-proof, and
no cracks have developed as a result of temperature stresses.

Poultry netting was wrapped around purlins and these were
entirely incased with gunite applied so that the entire roof

structure, including steel purlins, has been covered with what
practically amounts to monolithic concrete. Where the corru-

gated metal on the sides was still intact, it was left in place

and used as backing, wire was stretched over it and gunite

shot through from the outside. Where the metal had been so

badly corroded that it could not be used for backing, tempo-

rary forms were erected to answer the same purpose. The
entire building was covered in this way. The cost in this case

was only 50 per cent greater than the cost of replacement with

the corroded metal. The advantages, however, lie in the fact

that the structural steel will be protected against further

corrosion and there will be no maintenance necessary to keep

the structure in condition equal to that when the renovation

was finished.

The first extensive job done with the cement gun was on the

water storage reservoir supplying the town of Muscatine, Iowa,

Fig. 5. This is a bowl with a concrete retaining wall on

the top. Eeinforcing wire mesh was spread over the slopes and

the bottom. The whole area was given a two-inch coat of

gunite, the retaining wall being coated to a thickness of one

inch. In this particular instance the basin was constructed

in five slabs, there being expansion joints only in four mitred

corners, and along the line where the slopes and the bottom

meet.

Gunite has peculiar characteristics of its own, and, provid-

ing that it is properly reinforced, we can practically ignore

expansion and contraction. In my opinion it was wrong to put

in the contraction and expansion joints, in the installation just

mentioned. Take a slab of gunite, let it thoroughly cure, and

then put a microscope on it, and you will see that it is split up

into thousands of hair cracks, each of which penetrates to a
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depth of, say, 1/32 or 1/16 of an inch, and which do not take

water. It is my opinion that the contraction and expansion of

gunite are taken up by these minute hair cracks.

Another job where the cement gun was extensively used

was on the Norfolk army supply base. It was a stupendous

undertaking, which cost around $40,000,000. These terminals

were built by the Government. They are situated on a site

Which is about six miles from the city of Norfolk, Va., on

Hampton Roads, and cover about 640 acres. There are six

warehouses, none of which is less than 1,400 feet long, and

several of which are 1,680 feet long. The Government had the

use of a vast area on the shores of Hampton Roads, and it

built the warehouses at the army supply base on the horizontal

plan, each one of the eight buildings being long and low and

of only one story.

When beginning the construction of the Government ware-

houses at various points, in 1917 and 1918, the transportation

system of the country was seriously congested, and construc-

tion had to be confined to the use of such materials and to the

employment of such designs as would cause the least possible

burden to railroad service. It was first decided to construct

these warehouses of tile. The weight of eight-inch tile that

would be required to build the walls proposed for this army
base exceeded 16,000 tons. Since tile had to be hauled a

considerable distance by rail, and sand was plentiful, it was
decided to begin to build the warehouses of gunite. From this

it will be seen that about three-fourths of the bulk and the

weight of the material required for the gunite walls would
consist of sand.

The construction of these warehouses consists of wooden
frame; and wooden posts, 10 inches on centers, carried girts,

caps, and roof joints. To the posts and girts there is secured

0.068 triangular mesh. Wooden forms were placed on the in-

side of the building about one-half inch away from the mesh.

Gunite was then shot into place from the outside to a total

thickness of two inches. This makes a two-inch reinforced

concrete wall of great strength and density, with the wire

mesh reinforcement nearly in the center. The total length of

all walls formed by the cement gun method on this job is

approximately 20,000 lineal feet, 16 feet high. The area is

approximately 500,000 square feet. While the original order

was placed for only one of the buildings, the first work done

was so favorably regarded that the order was extended to

cover all six warehouses, including also . a gunite weather
protection on the tile building mentioned above.

In addition to these warehouses, there were constructed two
piers which extended into Hampton Roads a length of 1,280

feet. Each of these two sheds consists of one center bay
and two side bays.

,
The center bay extends above the roof of the side bays to

form a monitor. There is an outside wall extending from the

top of the parapet down about 11 feet, below which is a con-

tinuous line of doors. On each side of the center bay, and
extending from the monitor windows down about 12 feet to

a point below the side bay roof trasses, are curtain walls acting

as smoke deflecting walls and screens. The roofs of the side

bays are of slow-burning wood construction, similar to the

warehouse roofs. The center bays of these two piers, how-
ever, have gunite roofs. The roof structure over the center

bay consist of I-beam purlins. Forms were placed between
these I-beams snug up against the under side of the flange.

The wire mesh was placed in continuous ribbons running be-

tween the eaves and supported on the wire chairs three-

quarters of an inch above the I-beams, with a dip or camber
of about one-half inch toward the center of the span. The
thickness of the gunite is 2% inches. A test panel of this

roof showed remarkable strength. With a uniformly dis-

tributed load of 164 pounds per square foot, there was a de-

flection of five-eighths of an inch, with slight cracking. The
load was increased, and at 209 pounds per square foot the

deflection was 1% inches at the center, with many cracks

perceptible on the under side ; but, when the load was re-

moved, the slab came back to its original position, with no

damage perceptible on the top side.

Fig. 7 shows a steel stack of the pumping plant of the South

Works of the Illinois Steel Company, South Chicago, 111.

Rather than tear down a steel stack—which was in condi-

tion requiring renewal—thereby causing a shut down of the

pumping station, it was decided to use the cement gun in

reconstructing the stack. By coating the outside with rein-

forced, cement gun concrete, a new self-supporting stack has

been built up. The steel stack was 175 feet high and 9 feet

in diameter. The reinforcing net work consisting of rods

and triangular mesh was built up around the steel shell, and

the gunite applied 18 inches thick at the base, tapering quickly

to 6 inches just above the base and then gradually to 4 inches

at the top. The heavy section at the bottom was applied in.

three layers, while that part above the base was applied in

one operation. Square, twisted, reinforcing rods of suitable

strength, depending on the section and the height, were placed

vertically at varying distances as the work progressed.

An interesting fact in connection with the stack construc-

tion is that the concret was applied when the steel was almost

too hot to touch with the bare hand. The intake or breeching

extending from the side of the boiler house to the stack was

also incased with a three-inch layer of concrete, while this

breeching was so hot that water thrown on it boiled.

Of course where forced draft is used, and the temperature

at the base of a stack is around 1,000 degrees F. some sort of

insulating material, such as asbestos, must be used between the

steel stack and the gunite sheath.

In a great deal of work carried out by the Illinois Central

Railroad in the South, it has been found that wood borers,

such as the teredo, will eat away piling on the inside. In

seeking some method to protect this piling, the cement gun was
suggested. It is necessary to protect only the portion of the

pile which remains out of the ground, as these wood borers

will not attack below ground level. These piles were driven
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into place with a 3,000-pound hammer, with no injury to the

gunite coating, and to the author's knowledge have been in

place a matter of four years. In a recent letter, the bridge en-

gineer of the Illinois Central Railroad stated that a minute

examination was made of these piles, and that the wood borers

had not succeeded in penetrating the gunite coating.

Mine shaft lining is another field where the cement gun is

used, especially where the shaft is timber lined, and it is neces-

sary to waterproof and fireproof it.

The cement gun has had many failures, and will continue to

have, when inexperienced people try to use it on work that

requires skill and technical knowledge.

I hope that the few illustrations incorporated in this paper

will serve to show the advantages that may be gained through

the merits of this machine and its products, by which a saving-

can be effected which will be impossible otherwise. By that.

I do not mean to imply that the cement gun affords a cheap

method of construction. It is quite an expensive plant, involv-

ing machinery that runs into thousands of dollars. Of course,

there are a lot of instances in construction work in which it

has proven cheaper than any other method ; but, on the other

hand, in some of its operations the work is very expensive.

It takes trained men to get results. No engineer or architect

Mould place a difficult piece of foundation work in the hands

of a plastering contractor. It is the same with gunite, if you
have any work to be done with the cement gun, consult some-

one who knows what a cement gun is ; what it can do, and

what it cannot do. There are many things it cannot do, and
it is with these things that many engineers have failed and
ultimately blamed the cement gun.

OXYGEN IN METALLURGICAL OI'ERATIONS
Tire United States' present production of oxygen is about

3.000,000 cu. ft., or say, 130 tons, per day, over 95 per cent of

which is probably used in torches for cutting and welding pur-

poses.

One-quarter of this produced by electrolysis comes from
several hundred privately owned plants. The remaining three-

fourths of the supply comes from about 50 air liquefaction

plants.

The largest single installation for air separation ever erected

was in connection with the cyanamide nitrogen fixation plant

built for the Government at Muscle Shoals, Alabama, during

the war. It was built primarily to secure nitrogen, but if

operated at full capacity for oxygen would be just about equal

in output to this country's total production as given above,

and this in turn is just about equal to 1/5 of the amount of

oxygen contained in the air blown to one full sized iron blast

furnace making approximately 500 tons of iron per day. The
United States' average daily production of iron last year was
equivalent to that of about 170 such furnaces running every

day in the year.

The cost of producing oxygen by electrolysis from water is

ibout $12 per ton. In the separation of air, on the other hand,

there is no chemical combination to overcome. The oxygen

ind nitrogen simply dilute one another. Due to their mutual

lilution, however, their partial pressures in the mixture are

anly 1/5 atmosphere for the oxygen, and 4/5 atmosphere for

ie nitrogen and as when finally separated they must both

lave been compressed up to one atmosphere, we must do at

least this much work upon them which amounts to about

30 hp. hr. per ton of oxygen produced, or only about 1 per cent

i>f that theoretically required by the electrolytic process, the

ly-pvoducts being in the one case 3% tons of nitrogen and in

the other % ton of hydrogen.

The most important way in which enrichment of blast may
essentially influence blast furnace temperatures is indirectly

by allowing variations in composition of charge, e.g., making
of ferrosilicon or ferrochrome directly in the blast furnace.

Another important effect of the enrichment of the air would

be the higher calorific value of the blast furnace gas obtained

as a by-product due to elimination of part of its nitrogen.

The open-hearth presents some of the most interesting

possibilities for the application of oxygen. With an open-

hearth using ordinary air in order to reach the highest tem-

peratures now attainable, a complete and carefully balanced

combustion of gases must be secured resulting in a neutral

or slightly oxidizing atmosphere, whereas if part at least of

the furnace's burden of inert nitrogen could be removed the

same temperature could be reached while still leaving a resi-

due of unburnt material in the gas thus producing a strongly

reducing atmosphere. By enriching the air the total volume

i
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FIG. 7. GXJNTE STACK, ILLINOIS STEEL COMPANY,
SOUTH CHICAGO, ILL.

of gases passing through the furnace per unit of fuel burned

and heat produced may be cut down enormously, since in the

air there are four volumes of inert nitrogen to every volume

of useful oxygen. This would greatly facilitate heat exchange

and reduce mechanical difficulties such as dust losses, main-

tenance and control of draft and the like, or on the other hand

permit of speeding up the furnace and thus increasing its

daily output.—Abstract from an article by F. G. Cottrell in

Chemical and Metallurgical Engineering, July 14, 1920.

PUNCTURES IN CONCRETE HULLS
An editorial in Engmeering News-Record of July 22nd, 1920,

refers to the tendency to puncture as the most serious defect

of the concrete ship. The fact that repairs can be made very

easily and quickly has been advanced as an argument in favor

of concrete for ships, but concrete vessels cannot stand the

blows that wooden and steel hulls commonly experience with-

out damage, so that the ease of repair is offset by the frequent

necessity of such repairs. The greater weakness of ship con-

crete over concrete structures on land may possibly be due to

the peculiar nature of the former with its rich mix and closely-

spaced steel. Furthermore no land structures are ever sub-

jected to the forces that concrete vessels experience in a

heavy sea.



Solid vs. Pneumatic Tires*
Their Relation to Motor-Truck Efficiency in Various Classes of Service

By S. V. Norton

IN
an excellent paper, entitled Pneumatic Tires for Trucks,

by B. B. Baehman, read before the Society February, 1919,

the principal advantages and disadvantages of pneumatic-
tire equipment were set forth clearly and forcefully. In my
judgment, his paper is the most convincing presentation of

this subject that has yet been made. Notwithstanding the ap-

parent limitations of the economical use of pneumatic tires

due to external factors, so much has been claimed in their

favor since his paper was written that it seems advisable to

analyze the relation of both solid and pneumatic tires in

respect to their effect upon motor trucks in practical operation.

A distinction is here made between the inherent "ability" of

a truck to overcome road friction and the force of gravity

due to its engineering design and its ability to deliver merchan-
dise economically under a given set of external conditions.

It is largely in the latter sense that I shall discuss the subject,

although I realize that the members are perhaps more espe-

cially interested in the former. In the last analysis, however,
trucks must be designed and built to meet the needs of their

buyers, who use them to move freight under widely differing

and complex circumstances.

Viewing the problem from this angle, I have sought informa-

tion not only from truck manufacturers and their engineers,

but from truck salesmen and operators in all parts of the

country, as well as frottn tire dealers and those upon whose
local service in the field the continued and successful opera-

tion of the truck depends. The information presented is not

theoretical, nor based upon the experiences of selected oper-

ators whose delivery problems would invariably point to the

same conclusion, but is rather a composite of the opinions of

hundreds of truck operators engaged in handling all kinds

of merchandise, and of hundreds of men whose business it is

to help keep those trucks running economically. Because of

the concentrated study that is being given to all phases of

motor transportation, some factors in the problem are almost

as variable as a kaleidoscope. Hence, conclusions which may
appear sound today may have to be modified by changes that

are gradually but constantly taking place. For instance, truck

design is being altered and improved. Tires are being built

better and stronger. Roads are being improved, while ex-

perience is pointing the way to the more intelligent use of

motor trucks through systems and devices heretofore unknown.

It therefore seems worth while to view the question of truck

tire equipment in the light of recent experiences of many
operators and service men, to get a clear idea of the advan-

tages and limitations of each type.

GENERAL FUNCTIONS OF TIRES.'

The functions of tire equipment are: To secure traction,

cushion the mechanism and the load and protect the road.

From the truck operator's viewpoint the first two are of more

importance than the third, although it is becoming increasingly

necessary to safeguard the taxpayers' investment of millions

of dollars in improved highways through proper restrictions

upon the vehicles that use them. To perform these functions,

solid, cushion and pneumatic types of tire are available. The

general knowledge of the construction and peculiarities of

each type makes it unnecessary to describe them, except to

say that the cushion tire is in reality a solid tire, usually

made from a specially resilient rubber compound, so designed

in contour or internal construction as to be soft and yielding

under pressure. Its construction generally renders it less

rugged and hence more susceptible to early failure under

Paper read before the Chicago Truck and Tractor Meeting) of the

Society of Automotive Engineers.

severe service conditions. Since there are relatively few
cushion tires in service at present, we may profitably confine

our discussion to the solid and pneumatic types.

At present the accepted field for pneumatic tires is on trucks

up to 1% tons capacity, and for solid tires it is on trucks of

3% tons or over. Between these two capacities the field is

debatable, and the choice cannot be made intelligently without

a careful analysis of the important factors involved in each

individual case. If the operators of trucks in this debatable

field could surely avail themselves of all the advantages

claimed for pneumatic-tire equipment, no tracks would be

found on solid tires, since the claims embrace nearly every-

thing the truck owner desires. Let us review the claims

made on behalf of the tires themselves and then study them

in relation to various external factors which should have an

equal if not greater bearing upon the choice of equipment.

From several hundred truck-tire salesmen, as well as truck

operators throughout the United States, whose opinions were

asked as to the principal advantage to be gained from the

use of pneumatic tires in the debatable field above described,

the following table shows the reasons given with the percent-

age of replies for each

:

Per cent

Greater traction 40

More cushioning 28

Higher speed 21

Lower repair bills 5

Saving in gasoline 4

More work possible 2

100

Other reasons were given for the use of pneumatic tires,

but they were thought to be of secondary importance. They

were

(1) Less breakage of loads

(2) Reduced fatigue of drivers

(3) Less depreciation of trucks

(4) Reduced depreciation of roads

(5) Adaptability of trucks to farm use

(6) Lighter weight trucks possible

(7) Increased earning power

DECIDING FACTORS IN TIRE CHOICE

It is apparent that a careful study should be made of all

the factors involved before deciding which type of tire to

use. For the purposes of this discussion the factors may be

divided into three groups: engineering features, practical op-

erating features and features, of tire service in the field. In

taking up the engineering aspects I speak briefly and frankly

as a layman and not as a truck engineer. Before changing tire

equipment from solid to pneumatic it should be realized that

to gain certain possible advantages other definite disadvan-

tages must be faced. First, the wheels of the vehicle must

be cut down to receive pneumatic tires. The cost of this will

vary according to local conditions, but it is a large item

of expense. As the pneumatic tire has a larger actual than

nominal diameter, and since in many cases a pneumatic of

larger nominal diameter must be used than is required for a

solid tire, to secure the necessary carrying capacity, proi*?r

allowance should be provided for both body and fender clear-

ance. It should also be remembered that the larger sectional

diameter of the pneumatic tires will affect the steering clear-

ance and that the truck will be unable to turn in so short a

radius as it did on solid tires. This is especially important

254
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in negotiating turns in narrow streets and alleys, as well as
in garages with limited floor space. As the larger diameter
of the pneumatic tires will affect the gear reduction, the
change will have a corresponding effect on the mechanical
ability of the truck. If the change is made, will the truck he
able to "make the grade" so far as particular problems are
concerned? Will it materially affect the pay-load capacity of

the truck? Will it reduce ability to carry trailers? What
will be the effect upon the engine?

The increased maximum speed due to the larger diameter
of the pneumatic tire will be relatively slight, provided the

engine is governed to run at the same speed as formerly. If

the change is made to get anore speed, either the gear ratio

must be reduced and the ability of the truck thus still further

reduced, or the governor must be opened and the engine speed

increased. There is danger here, however, as speed induces

extra vibration, joints begin to loosen and before long the

engine may be literally racked to pieces.

As the engines in some trucks now have pressure-feed oiling

systems, they can moire safely withstand the extra speed, so
far as lubrication is concerned, although this feature should
be carefully investigated, as there is danger of damage from
this cause with resultant expense. Still another factor which
should be considered is the tax upon the cooling system if

the engine is speeded up. Again, additional speed calls for

greater braking ability. Before changing tire equipment
assurance is necessary that with increased truck speed and
the limitations imposed on the diameter of the brake drums
by the reduced diameter of the wheels themselves, the ma-
chine will still have sufficient braking ability. Brakes de-

signed for slower speeds but used under more severe condi-

tions, will inevitably require more frequent renewal and
may not even safely perform their required function. In

fact, an engineer of one of the larger tire companies, advo-

cating the use of pneumatic tires on trucks, says

:

"On account of the comparatively high speed of the pneu-

matic-equipped trucks, it is necessary to equip them with

brakes having 100 per cent more capacity than is the case

with solid-tired trucks."

The question for decision is whether or not the truck can
be so equipped and, if not, whether it can be safely operated
on pneumatic tires.

LOf
no less moment than the features already mentioned, so

far as the dependability of the truck is concerned, is the

question of the air supply, since pneumatic tires may require

from 90 to 160 lb. per sq. in. inflation pressure. As hand
pumping is out of the question, a porwer-driven pump on the

truck, or one close at hand, becomes a necessity. Relatively

few trucks npw running can properly accommodate a power
pump. With a transmission arranged so as to permit of power
take-off, a pump attachment can be put on. If the transmis-

Ision
is mounted amidships, it is possible to provide a device

to take power from the drive shaft. If, however, the truck

has its transmission in a unit with its engine, with no pro-

vision for power take-off, there appears to be no satisfactory

way of attaching an air-pump, since the magneto and water-

pump shaft is generally too light for power take-off. There is,

of course, the possibility of adapting an electrical system for

this purpose, but this does not seem practicable, because of

its cost and the fact that such apparatus is not standard

practice.

While these mechanical considerations apply particularly to

trucks now in operation on solid tires, most of the sacme prob-

lems are involved in changing the equipment on trucks manu-
factured but unsold. The buyer usually looks to the agent for

advice regarding tires; he should therefore satisfy himself

that the agent's counsel is based upon positive facts and en-

dorsed by the manufacturer. Otherwise, more or less disap-

pointment and dissatisfaction over the performance of the

. truck can be expected if the tire equipment is changed to

pneumatic before delivery. To sum up, since so many impor-

tant technical features are involved, it is well to seek the

advice of the truck builder before changing equipment from
solid to pneumatic tires. No one else knows so well the proba-
ble effects on various parts, nor can anyone advise more in-

telligently as to the probable loss or saving that such a move
would entail upon the mechanism of the truck.

Let us next consider the practical operating features that
must be taken into account in determining which type of tire

equipment will make the truck most efficient in service.

Broadly speaking, the efficiency of a truck in performing its

function depends upon the amount of time or money, or both,

that it saves for the shipper, as compared with any other
means of haulage. While it is difficult to separate all the

factors bearing upon these two items, they may be roughly
classified as follows:

Factors Affecting Time
(1) Distance of hauls

(2) Traffic congestion

(3) Speed of delivery

(4) Regularity of delivery

(5) Conditions of roads; ef-

fect on speed of truck

(6) Number of trips per

day

(7) Time out for repairs,

etc.

Factors Affecting Cost

(1) Amount of pay-load

and overload

(2) Condition of roads; ef-

fect on tires and truck

(3) Number of trips per day
(4) Cost of operation

(5) Cost of upkeep
(G) Cost of substitute equip-

ment

The question of how tire equipment bears upon these factors

can only be answered after careful analysis of each particu-
lar case. However, certain principles can be applied to all

cases. To begin with, from 75 to 225 per cent more must be
paid for pneumatic than for solid tires. The latter figure

includes the cost of spare tires, which are indispensable at

the present stage of development. So far as is known, there

are no dependable figures indicating the relative cost per mile
of the two types, because pneumatic truck tires have not been
used long enough to make reliable comparisons. From such
information as is obtainable, however, it is my belief that it

will cost from two to three times more per mile to run on
pneumatic than on solid tires. To offset this increased cost

there should be a corresponding or greater saving in one or

more of the factors already enumerated, as affecting the oper-

ating efficiency of the truck.

HOW TIRES AFFECT TIME FACTORS

Let us now inquire how pneumatic tires may affect the time

factors, assuming that the mechanical features of the truck

are such as to permit of their use. If the truck is engaged in

long-distance hauling with relatively few stops, pneumatic
tires will almost invariably save running time, due to the

fact that they absorb the road shocks so much more easily

than do solid tires. By theoretical tests in our laboratory we
have found that, for a given load, pneumatic yield over four

times more than solid tires. Hence a truck can be driven

over long distances at much higher speeds on pneumatic than

on solid tires without fear that it will be racked to pieces.

It should also be noted that the drivers' fatigue in such cases

is far less on pneumatic than on solid tires. In fact, some
operators have considered this so important that they have

placed cushions with special springs in their drivers' seats.

Up to the present, however, very few trucks as compared

with the total number in operation, certainly less than 5 per

cent, are engaged in long-distance hauling. The great ma-

jority of trucks operate in cities where traffic congestion is

such that they cannot possibly attain a speed of over 10 m.

p.h., while their average speed is from 5 to 9 m.p.h. For

such speeds there is no possible saving in the list of time

factors to offset the extra cost of running on pneumatic

tires. Moreover, the gain will be still further reduced by idle

time at loading and unloading points. In many cities an effort

is being made to reduce the maximum legal speed at which

trucks may operate because of the many serious accidents



256 SCIENTIFIC AMERICAN MONTHLY November, 1920

attributed to them. Hence, increase of driving speed within

city limits may be prevented by ordinances limiting the speed

of trucks. Light delivery vehicles, running on pneumatic
tires, are sometimes operated at higher speeds than are legal,

but these do not properly come within the "debatable field"

and are not considered as dangerous as the heavier vehicles.

In certain kinds of business such as the wholesale de-

livery of milk, gasoline, ice, etc., the regularity of service

is the most important factor. Here the use of heavy-duty

pneumatic tires is fraught with danger, due to the possibility

of delays caused by punctures and poor tire service. Many
operators in these and kindred lines have said that it is more
important to deliver goods regularly and on time than to save

a few dollars on truck upkeep. Failure in this means loss of

the customer. One large truck-fleet operator in this group

uses no pneumatic tires of over 6-in. section because solid

tires or some good make of cushion wheel have always given

him greater satisfaction at less cost than have larger pneu-

matic tires. Such equipment usually lasts for more than two

years without trouble.

The condition of the road surface has a very important

bearing upon the time element, for it has a direct effect upon
the truck speed. In fact, under certain circumstances, the

increased traction afforded by the heavy-duty pneumatic tire

makes it possible to operate the truck, while if it is equipped

with solid tires it cannot be driven at all. This is partic-

ularly noticeable in rural districts where there are no hard-

surfaced roads.

In the farm lands and citrus groves of the South, where
there is so much sandy bottom and so little surfaced road-

way, it is practically impossible to operate a truck equipped

with solid "tires. However, a truck equipped with heavy-duty

pneumatic tires can operate practically anywhere and is not

dependent upon the highway for traction. Under such cir-

cumstances, the ability gained by the use of the pneumatic

tire is worth 100 per cent more than that of the solid tire, no

matter what its cost, for the latter is well-nigh useless. It

must not be supposed, however, that there are no circum-

stances under which pneumatic tires will fail to perform their

function unassisted by anti-skid equipment. The need for

proper tire and chain clearance in changing from solid to

pneumatic tires is again apparent, for, if due provision is not

made, the time factor may occasionally be seriously and ad-

versely affected.

One of the advantages most frequently mentioned is the

greater number of trips per day which can be obtained from

a truck equipped with pneumatic tires. So far as this factor

alone is concerned, there is no doubt that the advantage is in

favor of the pneumatic tire.

One more important factor affecting the time element is the

number of hours the truck is laid up for repairs. Let us

consider separately the time lost on account of tire trouble

and that for all other reasons. In comparing the relative

amount of time out for tire trouble for solid and pneumatic

tires, the advantage lies wholly with the former. Barring oc-

casional lay-ups caused by defective material or workman-
ship, solid tires can be depended upon to give uninterrupted

service from the time they are applied to the time they have

worn down to the renewal point. An appointment can then

be made in advance with a tire service station without se-

riously disturbing regular truck service, and the worn tires

replaced with new ones. There is hardly a sizable city in

the United States that does not have one or more hydraulic

presses for this purpose and well-equipped service stations

with ample stocks of solid tires. It is therefore only a ques-

tion of laying up the truck a few hours at rare intervals,

which can be planned so as to interfere very little, if at all,

with the regular use of the truck. While the condition of the

roads over which the truck operates influences to a certain

extent the mileage delivered by solid tires, and hence the

frequency of lay-ups for renewals, this factor is far less im-

portant for solid than for pneumatic tires.

Owing to the comparative vulnerability of pneumatic tires,

they are far more likely to require time out for repairs and
replacements. In the first place, they cannot withstand the

same amount of overloading as solid tires, and when they are
overloaded they are especially apt to give out. Suoh "fail- .

ures" usually occur when the truck is in action and away from
a service station. If the operator has a spare tire he may
make the change on the road, although the evidence seems to

indicate that it requires a skilled mechanic to do this and that

it cannot be done easily or quickly. Most operators of trucks

find it impossible to change a tire in less than 1 hour under

best conditions; under bad conditions it requires 2 or 3 hours.

Punctures do not seem to be so frequent or so costly in point

of time as blow-outs due to cutting and chafing of side walls

from ruts, as well as to undermflation and overloading. While
solid tires are cut and torn by ruts, they are not so danger-

ously weakened by the process, and they rarely give out

unexpectedly. If regularity and dependability of service are

sought, these will be far more likely to be secured with solid

rather than with pneumatic tires.

In comparing the time out for causes other than tire trouble,

we find a variety of conflicting claims, although it seems to

me the evidence favors the use of pneumatic tires. On the

other hand, some claim that the use of pneumatic tires accel-

erates the wear of certain parts such as bearings, bushings

and steering knuckles and that a correspondingly greater

amount of time is required for their adjustment and renewal.

Moreover, many owners state that the use of pneumatic tires

on trucks causes their drivers to overspeed and to take more

dangerous chances that result in accidents and time out for

otherwise unnecessary repairs, than is the case with solid

tires.

HOW TIKES AFFECT COST FACTORS

In discussing the factors affecting the time element I have

purposely avoided reference to the cost of the time, although

I realize that these items all have a relative money value.

In turning to the factors affecting the saving of money, it

will therefore be necessary to refer to that aspect of some

of the time features already mentioned. Moreover, although

the two are so closely related that it may be difficult to dis-

tinguish between them, let us next consider the effect of solid

and pneumatic tire equipment on the various money factors

involved.

The amount of work a truck can perform, and hence the

saving or profit it will show, depends largely upon the amount

it can carry, or its pay-load. It is generally held that the

more the truck carries, the more it earns or saves. The

result of this belief is the well-nigh universal tendency to

overload trucks beyond their rated capacity. In fact, many
operators maintain that they cannot use trucks profitably

unless they overload them. I shall not here attempt to debate

the wisdom of this philosophy, but in analyzing the problem

the fact must be faced that nearly all operators do overload

their trucks and there seems to be no simple or effective way

to prevent it. It is not uncommon to find trucks carrying

twice their rated capacity.

When it comes to durability under this usage, there seems

to be no doubt that solid tires will not only carry heavier

overloads but will last longer in such service. All agree

that the life of the heavy-duty pneumatic tire is short when

overloaded. This seems the most important and least under-

stood factor in the entire list. Apparent savings may be off-

set or overbalanced by the additional trips that become neces-

sary when an overload cannot be carried. The use of pneu-

matic tires automatically places a lower limit upon the pay-

load which can safely be hauled under any conditions.

Closely allied to the cost of overloading pneumatic tires is

that of underinflation. In this case the constant and extreme

flexing has a tendency to weaken the side wall, making it

much more likely to fail in service. It is held that drivers

should give the same attention to tires as they give to water
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in radiators, oil in engines or gasoline in tanks. This is only

another way of saying that the driver must be careful not

to abuse his truck. Those who employ drivers realize how
difficult It is to get men to watch these details, and the fewer

such points requiring the driver's care and attention the

more likely it is that the truck will run continuously and
economically. While solid tires are not invulnerable, they are

more nearly fool-proof and less expensive to maintain in

working condition.

In addition to the likelihood of incurring expense from
overloading and underinflation, there is the danger of ruining

pneumatic tires from running them when loaded or overloaded

after they have been punctured or blown out. It is not un-

common for drivers to ruin practically new tires by not stop-

ping trucks as soon as tire trouble is suspected. A single

blowout or puncture under such circumstances may cost from

$25 to $100.

The condition of the roads over which the truck travels not

only affects the speed or time factor, but has an important

bearing upon the life of the tires and hence upon their cost.

Pneumatic are subject to more damage than solid tires when
run over roads with deep ruts because of chafing and cutting

of the side walls.

In attempting to collect data as to mileage on pneumatic

tires, many varying claims and little information based on

records of a dependable nature were found. Operators are

apt to exaggerate both high and low mileages, due to personal

satisfaction or disgust, as the case may be. Most operators

when questioned closely regarding averages will admit that

they have not used pneumatic long enough to obtain reliable

figures for comparison with solid truck tires. Hence, none

but general conclusions are possible at this time. The mileages

reported, from Maine to California, varied from 200 under

adverse conditions such as bad roads, overloads, careless

drivers, etc., to 25,000 miles on lighter trucks, over good roads

and with proper care. Tires in city service usually give better

mileage than those in use in the country. With rare excep-

tions the mileage delivered by solid is considerably greater

than that from pneumatic tires in the same class of service.

Where the earning capacity of the truck is concerned, as

judged by the number of trips per day, the advantage seems

to lie with pneumatic-tire equipment, provided the runs are

long enough and not restricted by such factors as traffic

congestion and delays at terminals. In most cases the in-

creased speed made possible by pneumatic tires can be con-

verted into greater earning capacity, with little or no increase

in overhead expenses.

As before suggested, there are certain conditions under

which trucks on pneumatic can make trips when those on

solid tires cannot be operated. Hence their earning capacity

is just so much greater. But a new and interesting argument

has recently been advanced on behalf of pneumatic tires, due

to certain changes in the conduct of the business of farming.

The ever-increasing use of gasoline engines for tractors, thresh-

ing machines, etc., requires the delivery of gasoline and oils

direct to the farmers' door or barn. Oil men who own their

own trucks and work on a purely commission basis frequently

find it necessary to drive through the farmers' barnyard. It

has been noted that trucks having pneumatic not only nego-

tiate the unpaved roadways more easily, but do less damage
than those having solid tires, and hence are looked upon with

more favor by the farmers they serve.

When considering the relative effects of solid and pneumatic

tires on the cost of operation and upkeep, a wide variety of

opinions are expressed but very few conclusions 'based upon

accurate cost records. In every other kind of business an

intelligent analysis based on cost figures is considered neces-

sary in arriving at conclusions. But few truck operators have

yet realized the value of such records as applied to the cost of

operation and maintenance of trucks. Hence the reliable data

available are meagre.

Let us briefly examine the items which should be included in

such costs, and consider how they are affected by solid and
by pneumatic tires. The following items are usually not
affected by tire equipment

:

(1) Interest on investment

(2) Insurance

(3) Taxes and license

(4) Garage

(5) Supervision

(6) Wages of driver

(7) Wages of helper

Those shown below may vary according to the type of tires

used.

(8) Depreciation

(9) Gasoline

(10) Oil

(11) Tires

(12) Repairs due to (a) wear and (b) accident

Considering these in the order given, there are, so far as
known, no dependable figures covering depreciation upon which
to make comparisons as no trucks have been run long enough
on pneumatic tires to determine their effect on the ultimate
life of the truck. While there is a difference of opinion
among engineers, most maintain that the increased engine
speeds of trucks designed for use on solid but changed to

pneumatic tires will tend to wear out all moving part more
quickly than if the tires had not been changed. As to the
relative consumption of gasoline and oil, very few reliable

figures are available, but the best informed operators are
inclined to feel that there is little if any saving in these items,

particularly on short hauls. On long hauls, however, the ad-

vantage seems to lie in favor of pneumatic tires.

When it comes to cost of tires there is no question. The
cost of pneumatic averages from two to three times that of

solid tires. This is due to the higher initial cost of the equip-

ment and the spare tires, their greater susceptibility to abuse
and accident and their lower average mileage. It is, of course,

possible to have pneumatic tires repaired and re-treaded, but
this process has not yet been satisfactorily worked out for

solid tires, at least to the point that is considered dependable
or economical. The question of tire service, however, in-

cluding all these features, will shortly be discussed.

TRUCK REPAIRS.

So far as the cost of truck repairs is concerned, comparative
data of a reliable nature cannot be obtained, for in most cases

trucks equipped with pneumatic tires have not been used long

enough to make satisfactory comparisons. The evidence indi-

cates, however, that, excepting the engine, repairs will cost

much less for trucks using pneumatic than for those using

solid tires, due to reduced vibration. If the engine is not run
at excessively high speeds or continually overworked, it will

prove less subject to damage if pneumatic tires are used.

Dependable figures cannot yet be obtained on the relative

cost of renting substitute vehicles to replace trucks using

pneumatic and solid tires which have been laid up for repairs.

A superintendent of a large truck fleet using both types states

that he lays up solid-tired trucks four times a year for

overhaul, while pneumatic-tired trucks are laid up only three

times. In any event the variation in this item of expense

will not be large, provided the trucks are carefully inspected

and maintained.

Summing up the factors affecting the saving of time and

money, the conclusion is reached that no general claims in

favor of pneumatic-tire equipment on trucks coming generally

within the debatable field can be substantiated, and that the

work to be done by each specific installation must be analyzed

carefully before either type of tire can be safely considered

the more economical.

Having reviewed the engineering and practical operating

features, let us now enumerate the operator's difficulties

concerning tire service. As the nature and extent of service

for the maintenance and renewal of solid tires are well known,
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it seems unnecessary to comment upon them except to say

that years of study and competition have developed this end

of the business to a 'high degree of perfection, so that many
well-equipped service stations can be depended upon for in-

stant attention, in many cases by day or at night, whenever
it is needed.

The manufacture of heavy-duty pneumatic tires of 6-in.

section and larger is, however, a relatively new development.

Less than a third of the manufacturers of passenger-car tires

have actively started to make heavy-duty pneumatic truck

tires, for they realize that the job of building a tire which
will stand up under present-day use and abuse is not easy.

Moreover, the task is not finished when the tire is removed
from the heater. It must be sold to the dealer who, in turn,

must not only guarantee the tire, but must place himself in a

position to give the truck operator service. This means that

he must install a high-pressure air-pump, repair material,

molds for vulcanizing and in most cases a service car for

emergency calls, for it must be remembered that the pneu-

matic tire is apt to fail when distant from its base and it

cannot be driven home flat. Broadly speaking, to give service

means doing whatever is necessary to keep tires in fit running

condition. Specifically, it may be divided into three divisions

:

(a) inflation; (b) changes and renewals, including adjust-

ments, and (c) repairs.

It can be said without fear of contradiction that the tire

companies themselves are not as yet prepared to give really

efficient service in all parts of the country. In fact, even in

the principal cities this phase of the business has not been

fully developed. In the smaller towns there are almost no air-

tanks or pumps to keep tires properly inflated. Pumps on

trucks themselves are reported as not always dependable,

sometimes requiring from 15 to 30 minutes to secure the de-

sired tire-inflation pressure. Some truck operators have ven-

tured to use pneumatic tires even though they have no pump
equipment. One such operator uses a hand pump to put in

60 to 70 pounds per square inch air pressure. This allows

the truck to be driven slowly to the nearest power pump with

sufficient capacity to get the necessary pressure. A second,

who has no air-pump on his truck, says he cannot afford to

carry spare tires because they use too much space. If caught

on a long country trip, he waits until a service car arrives and

provides proper tire inflation. Another operator who has a

large truck fleet equipped with pneumatic tires keeps a light

service car continuously busy carrying tires or compressed air

to trucks experiencing tire trouble. A fourth encountered

trouble with his demountable tire equipment which he had for

a long time carried under heavy inflation. It had then become
smaller in inside diameter and could not be put upon the rim.

The need for rust-proofing rim parts to facilitate changing

has been pointed out to the tire manufacturers. It has also

been suggested that if possible the tires should be made lighter

in weight as the larger sizes are very difficult and awkward
to handle.

TIKE REPAIRS

By far the most serious and difficult phase of giving service

with heavy-duty pneumatic tires, and that which causes the

most concern to truck operators, is connected with their re-

pair. In fact, the chief complaint in regard to pneumatic truck

tires, aside from their high initial cost, is that they are sub-

ject to injuries, cuts and damage, generally of such a nature

that they cannot be repaired except at the factory where
they were made or, in a few cities, at a factory branch ; often

they are damaged beyond repair. This is not only expensive

but frequently necessitates the purchase of more than one

set of spare tires should the first set be injured while the

others are being repaired. A tire of 7-inch section or larger,

if run flat, is likely to be ruined beyond repair. In more

than a dozen cities operators have said that the principal cost

of punctures or blowouts is caused by the necessity of laying

up trucks awaiting new tires due to stock shortage, or on

account of sending the damaged tires to the nearest factory
branch for repair. While repair-mold equipment has been
ordered for large-section tires, the heavy demand on the
part of the tire factories for new molds of all sizes and the
difficulty of producing them has made deliveries very slow.
In nearly every city the large tubes can be repaired locally,

but the casings have to be shipped away, the truck operator
paying either freight or express charges in both directions.

Moreover, it is frequently reported that repaired casings de-
liver but small mileage due to the over-cure of the joined
portions. This danger is more difficult to overcome in large-

section tires, due to the longer cure required to vulcanize the
interior portions of the new part of the casing. No doubt this

feature will ultimately be corrected. The tread seems to give
less trouble than the side walls, which are more susceptible to

rut wear and overloading abuse.

Because so few service stations are as yet equipped to

handle repairs on heavy-duty tires, dependable cost figures are
not at present available. In fact, where stocks are available
"adjustment" exchanges have usually been made instead of
repairs. Of all the causes of dissatisfaction reported for
changing back to solid after using pneumatic tires, the most
numerous have been those brought about by the delays and
expense incident to their repair, including additional spare-
tire cost and truck hire while waiting for the return of the
damaged tires. Such disadvantages are inevitable in a new
development such as the one under discussion but, so far as
imperfect service features are concerned, they are being over-

come as rapidly as possible. In the meantime, truck engineers,

salesmen and operators should not condemn the movement
toward the use of pneumatic tires, for undoubtedly it will be
the means of increasing the scope of usefulness of motor trans-

portation.

Having thus reviewed the advantages claimed for pneu-
matic tires on trucks in the debatable field and having specified

some of their relative disadvantages, I can say that, in my
judgment, the question is too new to be decided theoretically

or from such meagre records as are now available.

• SPECIFIC CONSIDERATION S

What ge'neral conclusions will guide the operator in the

selection of the most satisfactory and economical equipment
for his particular installation? So far as I know none has
been formulated and given publicity. In this connection, how-
ever, I suggest that, in the present state of development, the

field for each type of tire may be separated into three classifi-

cations, within one of which the operator can reasonably locate

his requirements and decide upon his equipment. These three

groups are

(1) The imperative field

(2) The economic field

(3) The optional field

The factors that would bring a truck within the first classifi-

cation for solid tires are: (a) If it travels over pavements
not necessarily good, but having a reasonably hard road sur-

face to provide traction; (b) if the delivery must positively

reach its destination without fail, at a promised time; (c) if

the delivery must be made regularly on a given schedule in

which the regularity is a more important factor than either

speed or cost of delivery; and (d) if it carries heavy loads

with frequent overloads beyond the rated capacity of the tires.

Similarly the factors that would bring a truck within the

imperative field for pneumatic tires are some combination of

the following: (a) If it travels over surfaces on which trac-

tion cannot be obtained by solid tires, and when the need for

traction is such as to outweigh the item of cost; (6) if the

need for speed of delivery is more important than its cost ; and'

(c) if the merchandise carried is so perishable or fragile that

it must be protected from road shocks, even at high cost.

The factors that would bring a truck within the economic

field for solid tires are (a) Short hauls in cities where speed

is relatively unimportant, (b) heavy loads with a tendency tc^
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overload, (c) traffic congestion which reduces average speed,

(d) loading and unloading delays and (e) need for low de-

livery cost.

Similarly the factors that would bring a truck within the

economic field for pneumatic tires are (a) Road conditions

which will not prematurely destroy the tires, (b) long hauls,

(o) high average speed, (d) relatively light loads with no

overloads, (e) good tire-service conditions and (/) low cost

subordinated to quick service.

In analyzing the economic field, the operator must first

decide whether or not he can avail himself of the potential

speed pneumatic tires would give. This, of course, includes

possible delays due to tire trouble as a result of bad road

conditions and provided the local tire-service conditions cannot

be depended upon. Next, the features of his service provided

by pneumatic tires must justify their extra cost.

The distinction between the economic and the optional

fields is difficult to make. In fact, the decision as to which is

the better equipment may be purely a matter of personal

opinion, without strong factors on either side. Hence I shall

not attempt to define them.

One of the most interesting and significant developments

which I have noticed is the growing tendency among truck

operators to use pneumatic tires on front wheels where the

need for protection from vibration is the greatest and solid

tires on the rear to carry the burden of the load. This prac-

tice has much to commend it and should steadily grow in

favor. Another tendency is toward the use of some type of

cushion or non-rigid wheel which, although equipped with

solid tihes, provides extra resilience through its peculiar

construction. There seems to be a very large field in which

such wheels can be used both economically and advantageously

from the standpoint of improved service.

Designing engineers should study to develop cushioning

effects that may be possible through other means than tires,

such as cushion wheels, improved springs, shock absorbers and

the like. While no mechanical device is so resilient as air,

much progress must be made before the difficulties are over-

come of making air serve acceptably in puncture and fool-

proof rubber tires, although the industry is making notable

improvement in this direction. Finally, all truck operators

should keep account of costs, so that intelligent comparisons

may be made. In my judgment, the easiest and most effective

way to do this so that all records may be readily comparable,

is to use the National Standard Truck-Cost System. Thus, if

they select tire equipment after a careful analysis of the pe-

culiar conditions surrounding their problems and keep care-

ful and accurate records of operating costs, they can reason-

ably expect to eliminate many of the annoying uncertainties

of their delivery systems and place their tire installations

upon a really scientific basis.

AIRSHIPS FOR SLOW-SPEED HEAVY TRANSPORT
Wing-Commandee T. R. Cave-Beowne-Cave, C.B.E., R.A.F.,

in the course of a paper read to the British Association at

Cardiff on August 27 said

:

In considering the applications of aircraft one usually thinks

of the high-speed transport of light loads and has an instinc-

tive fear that the load carried may really be too small to be

useful. One never thinks of an aircraft as a low-speed weight-

lifter, but on investigation it will be found that the airship

in suitable form has considerable possibilities in that way.

The actual lifting capacity of an airship, exclusive of propelling

machinery, fuel, crew, etc., is shown for various sizes in the

accompanying table. If it is proposed to use an airship for com-

paratively short distances and only at times when the wind

speed is low and high speed of the ship is not required, the

available lifting capacity then becomes large, even for a com-

paratively small and easily handled ship.

In most parts of the world, and especially at selected sea-

sons, there is a large proportion of time in which the wind

speed is not more than 20 miles per hour. In many places the

variation of the wind during the day is quite regular and oper-

ations may be planned so that the wind is favorable on both

out and return journeys. Under these conditions a ship capable
of, say, only 35 miles per hour would prove quite a valuable

form of transport, although so low a speed would be useless

for a passenger trip that must run to time-table whatever the
wind, or for a service ship that must work in all weathers.

The table shows the dimensions of the various types of ship

that have actually been built and the loads they would carry

at an air speed of 35 miles per hour.

These same ships when used as dumb barges having no
machinery and fuel would carry the loads shown in column 7.

No actual data exists for the reduction of speed by towing

another ship, as the resistance of the towing wire is somewhat
unknown, but theoretically an airship capable of 35 knots

alone would have, when towing one barge similar to herself, a

speed of 28 knots, and with two brages 24 knots.

This operation of towing one airship by another was actually

carried out at Barnborough before the war when one small

airship, having broken down, was towed home by another. The
towing airship A landed close to the damaged one B and
600 feet of wire was attached to A and to B. Both ships were

Table I

Useful load

>v a H.P.
Weight
of fuel

•a £
I

As airship As for 35 per
c« ti Si with crew & dumb- m.p.h. hour

<8 0>

n
u machinery

but no fuel
barge at 35

m.p.h.

• Mil.

cu. ft. ft. ft. tons tons tons h.p. lbs.

Correct to about
Non-
Rigid—

10 per cent.

S.S.Z. 07 143 40 2-1 •73 i-3 26 15-5

C •2 210 50 6-i 1-4 3-5 120 72-0
N.S. •4 262 54 1ST 6-4 7-8 170 102

Semi-
Rigid—
A 6 320 64 19 12-8 14-5 200 120
PL.26 1-09 520 65 335 23-5 27 500 300
T.34 1-2 410 70 36 25 28-5 550 330

Rigid—
R-33 2-0 640 80 60 35-1 38 430 264
L.71 2-4 740 85 73 48-1 52 500 300

made light and A was released first. She gradually rose into

the air, and as the wire grew taut B was similarly released.

A then went ahead and towed B home to Farnborough without

any difficulty whatever. There was an officer in B to steer and
adjust pressure, but no difficulty in control was experienced.

The landing was equally simple. On reaching the landing

ground the wire was dropped toy A and secured by a landing

party who hauled down B. The airship A then landed as soon

as the landing party was ready to receive her.

One of the greatest difficulties in carrying out a thorough

prospecting survey for, say, oil in new country, is the trans-

port of the machinery to the points proposed. The machinery
required for this purpose can certainly be broken up into

sufficiently small units to be easily transported by airships and
"barges."—Reprinted from Aeronautics (London).

AIRPLANE FISH-PATROLS
The success of airplanes in locating submarines during the

war suggested the possibility of using winged patrols to locate

schools of fish and reporting these finds to fishermen. This

suggestion has been carried out with marked success. A note

in a recent issue of the Aerial Age Weekly states that as a
result of patrols maintained by naval seaplanes, Chesapeake

Bay fishermen are making the biggest hauls on record. Re-

ports recently to the Navy Department from the commandant
of the naval air station at Hampton Roads said the patrols

had proved "indispensable" to the fishing industry of those

waters.

Immense schools of fish are spotted almost daily by the

seaplanes, it was reported, and fishing fleets are given the

location by radio communication or, if within sight, by flag

signals.
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THE GREAT WIND TUNNEL OF THE AEROTECHNICAL INSTITUTE OP ST. CYR VIEWED PROM THE EXHAUST END

The Aerotechnical Institute of St. Cyr
New Apparatus for Testing Mechanical Conditions Governing the Flight of Airplanes

THP3 well-known Aerotechnical Institute connected with

the University of Paris and situated near Versailles on

the plateau of St. Cyr, whose foundation was due in part

to the liberality of the well-known patron of aircraft, M.

Deutch de la Meurthe, is at present engaged in conducting

some very interesting experiments with respect both to air-

planes and to airmen. There have been recently installed for

this purpose some new apparatus which permit a precise ter-

mination of the mechanical conditions governing the flight of

aeroplanes and the instruction of pilots to meet the difficulties

which they are liable to encounter in flying at high altitudes.

To begin with there is a wind tunnel of truly majestic pro-

portions no less than twenty meters in length and two meters

in breadth at the mouth in which various models of airplanes

and of dirigibles are tried out. A powerful suction fan pro-

vides the necessary current of air.

In order to secure conditions as nearly as possible identical

with those found in the open air the air current must

have a section sufficiently large to prevent the lines of flow

at the periphery of the stream from being affected by the

presence of the model.

AERODYNAMIC BALANCE

The pressure to which the model is subjected by the arti-

ficial current of wind is transmitted to an aerodynamic balance.

This is installed in a chamber located at about the middle of

the wind tunnel. This instrument makes it possible to de-

termine not only the horizontal and vertical components of

pressure, but also the center of pressure, a point which it is

highly important for airplane builders to have cognizance of.

A rod connected with aerodynamic balance transmits to the

latter the thrust to which the airplane is subjected, and the

operators establish the equilibrium by means of sliding weights.

The weight is found first when the model is in calm air and

then when it is under the influence of a horizontal air cur-

rent of known velocity. The difference represents the lift.

Special precautions are taken to maintain a uniform velocity

of the air stream throughout the duration of the experiment.

A special point is made of removing the wall of the cylinder

for a certain length and replacing it by a large chamber which

is hermetically sealed. In this chamber are placed the aircraft

to be tested and the aerodynamic instruments.

The models are located on the suction rather than the
blowing side of the fan because the stream issuing from a
fan is so turbulent that it cannot be flattened out sufficiently

to secure a constant and uniform flow at all points of the

section.

The current of air enters the experimental chamber through
a cellular grating which is designed to ensure a parallel

direction of the air stream. At the opposite side is the conduit

which leads to the suction fan. This contains two gratings

of iron wire of 1 cm. mesh ; these are separated by a distance

of 3.20 m. and they succeed in flattening out almost com-
pletely the irregularities of the air current.

From the fan the air flows out into an enlarged cylindrical

extension formed of wooden slats. This permits the air stream

to expand progressively and assists in stabilizing the flow.

Thus the air stream possesses a uniform direction and
velocity throughout the entire extent of the tunnel proper.

Furthermore, since it is enclosed in a large hangar the outside

wind is not able to influence it. Measurements of the velocities

are made by means of a manometer.

MOUTH OP SMALL TUNNEL 0.4M. IN DIAMETER
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MOUTH OP THE LARGE WIND TUNNEL
Note the operator seated at the table in front of the experimental cham-

ber and reading the wind velocity on a micromanometer

LOOKING INTO THE WIND TUNNEL
Note the fan in the background against which a model

under test is indistinctly silhouetted.

For the purpose of testing propellers trucks are provided

which run on a track a few hundred meters long. The trucks

carry recording instruments and serve not only for determining

the efficiency of propellers but also of planes mounted on

them.

THE PNEUMATIC CAISSON

To test the aptness of pilots for the proposed work as well

as their powers of resistance, they are enclosed in a pneumatic

caisson. This apparatus which has been newly installed at

St. Cyr makes it possible to determine the degree of attenua-

tion of the atmosphere which an aviator can support without

danger to life. The subject to be examined is placed in the

caisson which is then hermetically closed. By means of an air

INSTRUMENTS MOUNTED ON THE PROPELLER TESTING
TRUCK

pump the pressure is lowered to any desired degree. For ex-

ample, it may be lowered to 150 mm. which corresponds to an

altitude of 12,000 meters in the air. The subject is pro-

vided with two tanks of compressed oxygen which he begins to

breathe by means of a special mask at a theoretical altitude

of 4,600 meters.

It must be remembered, of course, that the maximum alti-

tude to which a man can ascend with safety varies considerably

in individual cases. As a usual thing this altitude is scarcely

more than 6,000 meters even for men having the greatest power
of resistance ; but it is a well-known fact that some few "aces"

such as Casale have ascended to a height of almost 10,000

meters.

According as the atmosphere becomes rarer, it contains, of

course, a lesser amount of oxygen. Hence a person ascending

in a balloon or airplane or climbing a mountain is obliged to

breathe more rapidly in order to supply his lungs with the

amount of oxygen required for the necessary aeration of the

blood. If he continues this ascent a moment comes, varying

with the individual, when this acceleration in the muscular

effort involved in the act of breathing, is no longer able to

compensate for the deficit of oxygen in the air. Then, unless

an artificial supply of oxygen is provided, serious phenomena
of asphyxiation make their appearance. Not only is the

blood forced out of its containing vessels at various points, but

there are serious internal troubles which quickly cause the

death of the aviator unless he is relieved.

It is for this reason that Captain Toussant, the present di-

rector of the Aerotechnical Institute of St. Cyr, and Dr.

Garsaux, the director of the medical service of aerial naviga-

tion, have contrived the pneumatic caisson shown in the ac-

companying illustrations, whose object is to reproduce the

identical conditions to which pilots are subjected when flying

at high altitudes. Some of the important physiological work
of the latter authority is already well known to the readers

of the Scientific American Monthly (see previous articles

on "Aerial Diving Suits" in the January issue and "More

About High Flying" in the July issue).

As early as 1875 a pneumatic bell jar was constructed by

Paul Bert for the purpose of studying the phenomena produced

in the human body by the rise and fall of the barometer. In

this chamber containing rarefied air, which was built at th&

Sorbonne, this great physiologist subjected himself to a rarefac-

tion of the atmosphere corresponding to that found at an.

altitude of 8,000 m., and suffered no inconvenience, thanks to

the inhalation of oxygen. But this device while admirable at.
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TRUCK ON WHICH PLANE SURFACES ARE TESTED AND RECORDING INSTRUMENTS REGULATED

the time is not sufficiently precise to meet the requirements

of modern aviation..

In the beginning the installation of St. Cyr which was con-

ceived in September, 1917, had for its sole object the study of

respiratory apparatus designed to facilitate the task of mili-

tary and other aviators. Afterwards the range of study was
greatly extended, and various modifications and improvements

were made with the idea of securing a rapid decrease of tension

in the air combined with the action of cold with, at the same
time, a constant renewal of the internal atmosphere. Since

that time Dr. Garsaux and his collaborators have pursued nu-

merous studies with regard to the manner in which the human
body behaves under conditions of extremely low barometer,

of very low temperature, of rapid variations of pressure, etc.

The caisson serves further to make various mechanical tests

of the apparatus employed, such for example, as variations in

the yield of the gasoline pumps, of aircraft motors, under a

falling barometer, measurements of the velocity of combus-

tion, of the pvlverine, etc.

There are now to be seen at the institute two large sheet

iron cylinders: the first of these, which is 5 m. long by 3 m.

in diameter is now in course of being mounted (August, 1920) ;

the second is 3.60 m. long by 2 m. in diameter. This latter

has thus far been employed for the tests and experiments here-

after described. By the side of this is erected the Burckhardt

and Weiss suction pump ; this pump, which is operated by an

electric motor having a velocity of 200 revolutions is capable'

of exhausting a volume of 5.2 cm. per minute. The pump which

is firmly secured to a concrete base, absorbs 6 hp. at its

maximum rate of operation; but by means of a rheostat its

velocity can be lowered to only 80 revolutions per minute.

The cylindrical wall of the vacuum chamber is composed

of sheet iron plates 5 mm. thick riveted together and the

end walls of similar plates but of double thickness. The door

at one end of the caisson is hung upon hinges whose axes

are pivoted in holes of oval shape in order that they may

this as soon as the door is closed its air tightness is further

a band of rubber surrounding the periphery of the door permits

the latter to fit hermetically against the caisson. Besides

this as soon as the door is closed its air tightness is further

secured by four iron cross pieces bolted on.

On each side of the pneumatic caisson there are four port

holes, each 25 cm. in diameter and arranged at about the

height of a man's eye, so as to permit the attendant physiolo-

gist to watch the effect upon the patient. There are also

two valves regulated by hand-wheels, which admit air into

the chamber at any desired rate. One of these is operated

from the inside and the other from the outside. Finally, the

entire caisson rests horizontally on a wooden framework and
a layer of cork with coaltar binder 10 cm. thick entirely

envelopes it.

Within this vacuum caisson are placed various instruments

and accessory apparatus. These include a recording altimeter

and a manometer; furthermore, above the rheostat which

controls the pump is placed a signal board comprising a

series of electric lamps of different colors whose illumination

is controlled from within the caisson. A replica of this board

is installed inside in order to secure control of the proper

functioning of the said signals. Furthermore, there is a tele-

phone with a double bell to render it possible for the subject

of the experiment to communicate with the mechanician in

charge of the pump.

The apparatus for securing a low degree of temperature

comprise a Claude compressor and expander capable of fur-

nishing about 200 cubic meters per hour of air cooled to 97 C
C.

The lowering of the temperature in the caisson is secured by

allowing the external air to penetrate into an auxiliary re-

ceptacle, for it mingles with cooled air before being drawn into

the pneumatic bell jar. There are two tanks of compressed

oxygen, each containing 540 liters which communicate di-

rectly with the interior of the latter and the experimenter can

open these instantly from the outside in case the subject
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AERODYNAMIC BALANCE IN THE
TUNNEL

THE TRUCK WHICH TRAVELS ON A TRACK AND ON WHICH THE EFFICIENCY OF
PROPELLERS IS TESTED

being tested shows signs of illness. Furthermore, there are

various automatic respiratory apparatus at the disposal of

the subjects, as well as a tank containing 540 liters of oxygen

which can be opened instantly in case of emergency.

In this pneumatic laboratory Dr. Garsaux has performed a

great many experiments. He has worked with as many as ten

assistants or subjects at a time and in vacua corresponding

to altitudes of from 8,000 to 9,000 meters. Quite recently Jean

Casale has been able to "ascend" in this theoretical manner
to a height of no less than 12,000 m. (39,370 feet). This

well-known aviator entered the caisson and the barometric

pressure was then brought to a height of 150 mm. of

mercury. At a degree of pressure corresponding to 4,600 in.

of altitude, he began to breathe oxygen by means of an auto-

matic respiratory mask.

The aviator was observed by Dr. Garsaux and Dr. Mathieu

de Fossey ; in the course of forty-seven minutes the famous

"ace" made an "ascension" without the least discomfort ; the

pressure was restored gradually during a period of twenty

minutes, at the end of which he emerged from his prison

feeling almost or quite as fit as when he entered it.

The physiological tests carried out at St. Cyr, make it

possible to determine, among other things, the average height

at which aviators can remain without physical danger and

without losing their bodily abilities. This maximum altitude

varies according to the individual, but it exceeds 6,000 m. in

exceptional cases only.

Thanks to this pneumatic caisson Dr. Garsaux has also been
able to analyze the respiratory exchanges of gases which
occur at different altitudes, and to determine in consequence

the altitude at which the inhalation of oxygen becomes ad-

visable, which he finds to be from 3,500 to 4,000 m. For exam-
ple, the heart action is measured by means of the Pachon
oscillometer. In the same way the physical and meteorological

problems which are so intimately connected with those in-

volved in aeronautics are experimentally studied.

With the Pachon oscillometer he has measured the arterial

tension in the course of ascent and of descent at different

altitudes, both with and without oxygen. He has likewise

studied the influence of increasing rarefaction upon the dura-

tion of the psycho-motor reflexes, the effect of the rarefaction

and of the recompression upon the ears and other organs

of the body.

All of these experiments have the effect of improving the

various automatic respiratory apparatus put in service, in the

Allied Air Squadrons for flight at high altitudes, shortly be-

fore the armistice. These include the automatic oxygen valve

and barometric governor, the gas reservoirs and the masks,

all of which were described in the Scientific American
Monthly for July, pp. 70-73.

TESTING A PILOT'S BLOOD PRESSURE WITH THE PACHON
OSCILLOMETER

INTERIOR OF CAISSON IN WHICH PILOTS ARE
SUBJECTED TO RARIFIED ATMOSPHERE



The Variable Camber Wing
An Airplane Wing That May Be Adjusted for Variable Speeds

By H. F. Parker

[The National Advisory Committee for Aeronautics recently

published a report on a variable camber wing invented by Mr.

H. F. Parker. We reprint here the introductory part of the

paper including a description of the rib structure. The Parker

rib was thoroughly tested at the U. S. Bureau of Standards and

was found to compare favorably in strength with those built

up rigidly in the ordinary way. A series of aerodynamic tests

were also made on sections of the various forms the wing would

assume in passmg from one extreme position to the other and

the wings were tested as monoplanes and in biplane and tri-

plane combinations. For a full description of these tests and

their results we would refer the reader to Report No. 77 of the

National Advisory Committee for Aeronautics, Washington,

D. C. It should be noted that at the time the wing was de-i

signed it was Mr. Parker's belief that the wmg would be auto-

matic in operation. Subsequent examination indicates that

this is not true at least for the rib as now designed.—Editor.]

THE most important single problem in aeronautics

awaiting solution is that of increasing the speed range

of airplanes. In recent years maximum speeds have

been increased very greatly, and will no doubt be still further

increased, but each addition has been accompanied by an

increase in the landing speed. The landing speed has always

been about half the maximum and could not be reduced below

that amount without entailing the expenditure of additional

power. This is due primarily to the properties of the type of

wing which has been used.

In flying, the method utilized to change the speed is to alter

the angle of attack of the planes. This must also be accom-

panied by an alteration in the power output of the engine if the

machine is to be kept flying level. Manipulation of the engine

throttle without alteration of the angle of the planes will not

cause a change in speed ; the machine will ascend or descend

at its former speed. The speed is therefore dependent on the

angle of attack. If this could be efficiently varied from a very

small to a very large angle, a wide range of speeds could be

obtained. Two things prevent this: First, the lift does not

increase directly with the angle of incidence for all angles. It

does so up to about 15° but for greater angles, instead of

increasing, the lift actually falls off. This falling off occurs in

all types of wings though in some cases it is only slight and in

others very considerable. No increase in speed range can be

obtained by increasing the angle of incidence beyond 15°.

Second, the efficiency of the plane is not maintained at low

angles. As the incidence is reduced from the maximum of

15°, both the lift and the drag decrease, the drag at first falling

off more rapidly than the lift. At about 3° a point is reached

where the ratio of lift to drag is a maximum. This is the

most efficient flying angle for the plane. As the incidence is

further decreased, the lift continues to fall off rapidly. The

drag, however, decreases more slowly, being a minimum at

zero incidence. For negative angles it again increases.

This means that the ratio of lift to drag falls off very rap-

idly, and the wings of a machine flying at a smaller angle of

incidence than 3° offer more resistance than they do at that

angle. The line from which these angles are measured is the

chord of the aerofoil, i. e., the common tangent to the lower

surface. This is not necessarily the position in which the

wing gives no lift. Most wings give a considerable lift when

their chord line is parallel to the direction of the air flow,

and this lift only becomes zero when the nose of the wing is

about 3° below the trailing edge. In fact, fast machines fre-

quently fly with their planes set at negative angles.
#

If a maximum speed of double the minimum is to be ob-

tained, the machine must fly under the inefficient conditions

existing at these small positive or even small negative angles

of incidence. If it is to be more than double, as it must be

in order to obtain a reasonable landing speed in machines
flying at over 100 miles an hour, the small lift necessary at

high speeds is accompanied by a prohibitive drag.

The problem of increasing the speed range, may be ap-

proached in a number of ways, but confining ourselves to de-

vices applicable to the present type of airplane, which elimi-

nates the helicopter and similar machines, there are three

ways by which a solution might be achieved. These are

:

Variable angle of incidence.

Variable surface.

Variable camber.

Each of these presents great mechanical difficulties, but the

first is the easiest of attack and has consequently approached

nearer a solution than either of the other two. It offers two
advantages : First, the axis of the fuselage can be kept paral-

lel to the path of flight at all speeds, thus securing a mini-

mum drag over the entire speed range. In the present ma-

chine, having the wings fixed in relation to the fuselage, the

fuselage is at a considerable angle to the flight path over a

portion of the speed range. Under these conditions the variable

incidence machine is more efficient than the present type.

Over that portion of the speed range where the fuselage of

the standard machine lies along the flight path, or only a few

degrees from it, the variable incidence machine offers little or

no, advantage. Second, the wings of the variable incidence

machine can be tilted to a much greater angle than is possible

in the present machine. This permits the machine to be

brought to rest more rapidly. It does not, however, reduce

its minimum flying speed. Thus the advantages of variable

incidence, though well worth attainment, do not provide a

sufficiently complete solution of the problem.

The next for consideration is variable surface. Theoretically,

this gives a perfect solution. If the wings of the airplane

could be increased in area during flight, the speed could be

reduced so as to land as slowly as desired. Conversely, given

sufficient surface to insure a low enough landing speed, if

the surface could be reduced in flight the planes could always

be made to operate at the angle of incidence giving the best

lift/drag ratio, thus securing the least possible drag at maximum
speeds. Unfortunately, mechanical difficulties prevent the

realization of this method. These difficulties are so serious

that there does not seem any prospect of their being overcome

in the near future.

Finally, there is a variable camber. This offers advantages

very much greater than variable incidence, but is more difficult

of solution mechanically. On the other hand, as compared with

variable surface, it is mechanically possible, but its aerody-

namic advantages are not quite so great. Yet they are, how-

ever, great enough to provide a satisfactory solution of the

problem and the only one, apparently, which is practicable.

So much for the accepted methods of increasing speed range.

The method under discussion in this paper cannot be properly

classified under any of these headings. In conception, how-

ever, it is derived from variable surface, though the mechanical

device utilized is distinctly variable camber.

Let us return to the conception of variable surface. A
machine so equipped would have a comparatively small amount

of fixed surface, together with a larger amount of removable

surface. While landing, both fixed and removable surface

would be in operation, but at high speeds the fixed surface

alone would support the machine. Assuming that a mechan-

ical device to operate such a system is possible, it is obvious

264
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FIG. _. CONSTRUCTIONAL DETAILS OF THE VARIABLE CAMBER WING AND ITS TWO EXTREME POSITIONS

that the mechanism would entail a considerable increase in

weight, and probably also in head resistance. This may be ex-

pressed in terms of the resistance of the wings that have
been removed. For example, 100 units of drag may have been

eliminated toy removing a portion of the wings, but the

equivalent of 20 added by the extra weight and increased re-

sistance. This, then, would leave us a net saving of 80 units.

Suppose, now, that instead of removing the wings we leave

them in place, but when they are not required for lifting we
change them to a shape offering only a fraction of their former

drag. If this fraction is approximately the same as that re-

quired for variable surface we will have all the advantages of

variable surface, and the problem will become one of changing

the wing from an efficient lifting shape to a shape offering the

least possible resistance ; for example, pure stream line. Ex-

perimental results show that such a saving can be effected ; the

drag can be reduced from 100 units to 25, giving us a net saving

of 75 units. In a biplane the upper plane will be of fixed con-

struction and the lower one variable, or vice versa ; while in

a triplane a suitable arrangement is obtained toy using a fixed

wing for the center plane and placing variable Wings above and

below it. At high speeds the variable planes are to carry no
load and are to be stream line in shape. At low speeds they

are to bear their share of the weight of the machine and are

to be deeply cambered. For a stream-line wing to give no lift

it must lie parallel to the direction of the air flow, and then

the forces on its upper and lower surfaces are equal. It is

necessary, therefore, to set the stream-line planes at zero

angle of attack when the fixed planes are at their angle of

maximum lift/drag, usually about 3°.

For slower speeds the angle of attack of the fixed plane

must be increased, let us say, from 3° to 9°, a change in

angle of 6°. The stream-line plane is carried through the

same angle and now has unbalanced forces acting on it, tending

to deform it upward. These forces are the greatest near the

leading edge, and decrease rapidly as the trailing edge is

approached. If we place one wing spar at the leading edge and
another about two-thirds of the chord back from it, we divide

the wing into two parts, with the force on the front part very

much greater than that on the rear part. If, now, we make
the part 'between the spars of flexible construction and the

part behind the rear spar rigid, and allow the ribs to slide

over the rear spar, we provide for a change of shape under
load. The portion between the spars is carried upward, while

the rear portion, being rigid and fixed to it, moves downward.
The result is a cambered wing.

The rib should be just rigid enough to deform a certain

desired amount under the maximum load it should carry

normally, and the deformation should be proportional to the

load upon the rib up to full load. The load at any time will

depend on the ratio of the lift coefficient of the variable plane

at its angle of attack to the lift coefficient of the fixed plane

at its angle. Thus, at maximum speed when che variable

plane is stream line in shape the proportion is zero to the lift

coefficient of the fixed plane, and the load is zero. At landing

speed the lift coefficients of the two planes are approximately

FIG. 2. THE VARIABLE CAMBER RIB IN THE TESTING STAND AT THE U. S. BUREAU OF STANDARDS
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equal—the variable plane is carrying half the load and its

load and deflection are a maximum. In an intermediate case,

when the planes are at 6° and 9°, respectively, the lift coeffi-

cients are, let us say 1 : 3. The variable plane is now carrying

a quarter of the load, or one-half its maximum load, and its

shape will be half-way between the extremes. It is now a lift-

ing aerofoil, but a lightly cambered one. As lightly cambered

aerofoils are most efficient at small angles, and heavily cam-

bered ones at large angles, the variable wing possesses the

most suitable shape throughout its range.

If the deealage remained unchanged, i. e., if the setting

of the variable plane relative to the fixed plane remained the

same for all angles of attack, when the fixed plane was at its

angle of maximum lift the variable plane would be 3° short of

it, and would not be operating under the best conditions. This

is not the case, however. In changing the shape of the wing

the trailing edge was depressed and the angle of attack in

be strong enough to bear several times its normal load without

failure. It had also to be capable of easy manufacture, to be

simple and foolproof in operation, and light in weight. Metal

construction was practically a necessity, and to avoid new
features which might be doubtful engineering practice, stand-

ard construction was adhered to wherever not essential to the

functioning of the device. The ribs were thus the only parts

of the wing requiring alteration, leaving spars, bracing wires,

struts, etc., substantially as at present. Figure 1 shows the

general construction adopted. The essential parts are

:

1. Channel-shaped strips A, B, forming the upper and lower

surfaces of the rib between the spars.

2. Compression links at C, D, E, F, and G. These are also

of channel section and are fixed to the outer channels by pins,

allowing the necessary angular motion between links and strips.

3. Tension links H, J, K, L, M, and N. These are flat strips

of steel attached to the same pins which carry the compression

FIG. 3. THE INVERTED RIB BEING SUBJECTED TO A LOAD TEST

When subjected to six times the flying load a maximum permanent set of 5/32 inch occurred in the first and second panels.

to destruction failure occurred at eleven times the flying load.

When loaded

consequence was increased. This change in deealage is de-

pendent on the position of the rear spar and on the amount

of maximum camber. In the aerofoil used it is 3°, so that

when the maximum lifting effort is required both fixed and

variable planes are operating most efficiently.

It is obvious that under certain conditions—gusts, for exam-

ple, or flattening out after a steep dive—the wing will be sub-

ject to a load greater than its normal maximum. This would

be liable to cause further deflection, which would be unde-

sirable. The wing under discussion ceases to deflect after the

application of its normal maximum load. This is accomplished

by means of an internal bracing system which only comes into

operation when the maximum deflection has been reached.

In designing a wing possessing these variable camber fea-

tures the following considerations had to be kept in mind

:

It had to deform regularly with the load up to unit flying

load, then remain rigid under further applications of load, and

links. In the stream-line position they carry no load and

bow as shown, but in the lifting position they straighten out

and make a truss of the rib, preventing further deformation

under overloads. The links in the first two and last two

panels are slotted to allow the insertion of reverse links.

4. Reverse tension links O, P. Q. and R. The only function

of these is to prevent the rib from being deformed beyond its

stream-line position when subject to loads on the upper surface.

5. A tailpiece, fixed in shape, riveted to the upper strip at

S and constructed to slide over the rear spar.

6. A spring placed between the rear spar and the tailpiece.

Provided the channels A and B are made of sufficient size, a

rib can be made which will function properly without this

spring, but its use effects a considerable saving in weight.

The upper and lower surfaces are fixed to the front spar,

which is placed practically at the leading edge. A light

wooden nose piece running the length of the wing and attached
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to the spar gives a fair shape to the leading edge. The rigidity

of the rib, due to the stiffness of the channels and the spring,

must be such that it attains its full lifting form under normal

flying load. The lengths of the tension links determine the

final contour of the wing.

The fabric is continuous over the wings except where the

lower flexible channel is connected to the tailpiece. Here it is

discontinuous to permit the sliding forward of the fixed

tail portion over the end of the channel forming the flexible

portion of the lower surface. The amount of this sliding

motion is approximately 1 inch, and it may be provided for

either by allowing the surface to overlap or simply by leaving

a gap of this amount. In the former case the surfaces would

just meet when in the stream-line position and would overlap

1 inch in the lifting position. In the latter case they would

meet when in the lifting position but in the stream-line posi-

tion would leave open a strip 1 inch wide running the length

of the wing. It is not believed that this would be as objec-

tionable as might appear at first sight, for the aerodynamic

properties of the wing would not be appreciably affected.

It will probably be preferable to stitch the fabric to each

surface separately, though there is no objection to the stitch-

ing going over the top and under the bottom, except at the

rear spar, as the distances between the surfaces do not alter.

It was necessary to determine whether any excessive stretch

in the fabric would be caused by the functioning of the ribs.

The lower surface changes from a convex to a concave shape

of approximately equal curvature. There will, therefore, be

no stretch in the fabric. In the upper surface, however,

where an increase of convex curvature occurs, there will be

a stretch caused in the fabric. Calculation shows that this is

not serious. In a wing of 60-inch chord, with a maximum
increase of camber of 2% inches, the maximum stretch of tbe

fabric is only 1/100 inch in the 15 inches in which the greatest

change occurs, or 0.067 per cent. As the stretch at rupture

is 15 per cent, the fabric is only strained 1/225 of this amount.

NICKEL-PLATING ALUMINUM AND ALLOYS
It was long considered practically impossible to produce a

durable plating of nickel upon aluminum and its alloys, par-

ticularly because of the lack of adhesion between the two

metals. In 1914, however, the French Revue de Metallurgy

(Paris) published a note by M. Tassilly proposing a method

of accomplishing this by means of previously attacking the

metal with hydrochloric acid, but while this received a

certain amount of industrial application a careful study of the

process showed great irregularity in its application to the

various light alloys of aluminum, by reason of the non-

uniform action of the cleansing agent employed. The problem

has recently been freshly studied by MM. Leon Guillet and

Maxime Gasnier, and results of their investigation were pre-

sented to the French Academy on April 25, 1920.

Finding by a microscopic examination of various nickel-

plated articles that the adhesion of the deposit of nickel was

due merely to the fact that metal catches in and clings to

the minute cavity produced by the scouring agent, these in-

vestigators conceived the idea of accomplishing the necessary

scouring by means of a sand blast.

Four factors were found to enter into the operation

:

A. The velocity of the grains of sand projected upon the

surface of the metal

;

B. The size of the grains of sand

;

C. The time elapsing between the application of the sand

blast and the process of nickeling;

D. The thickness of the layer of nickel deposited.

The bath employed in the process of the nickel-plating in

all these tests was that ordinarily used in industry, consist-

ing of the sulphate of nickel (150 grams) ; the double sul-

phate of nickel and ammonium (50 grams) ; and sufficient

water to make one liter of solution.

In order to find the character of the deposit the adhesion

was tested first by hammering with a ball, in which case the

sheet of aluminum was 6 mm. thick, the ball 10 mm. in diam-
eter and the indentation 6 mm. ; secondly by bending tests,

the sheet of metal in this case resting upon two sup-

ports 55 mm. apart and being bent by means of a punch with

a semi-cylindrical nose 25 mm. in diameter; and finally, by
burnishing tests, a steel burnisher being used with a solu-

tion of soap as a lubricant. The efficacy of the protection

afforded by the layer of nickel was tested by immersing the

nickel-plated articles in boiling soda lye, containing 15 per

cent of NaOH for a period of thirty minutes.

1. When the sand ordinarily employed in the sand blast, i.e.,

Fontainebleau sand, yielding 30 per cent of refuse in a screen

of 0.3 mm. mesh and 10 per cent refuse in a screen of 0.2 mm.
mesh, and with a deposit of nickel 0.01 mm. in thickness, the

experimenters obtained the following results

:

Pressure per square centimeter Hammering tests

300 grams Nickel completely exfoliated

600 " " slightly crocked

1,500 " " intact

But the grain of this deposit was rather coarse and it was
found that this defect can be avoided by making use of a
finer grain of sand, i.e., sand which passes through a 0.2 mm.
mesh.

2. It was found that sheet metal treated with the fine

grained sand and under pressure of 1,500 grams per square cen-

timeter could be kept in good state if wrapped in a sheet of

filter paper, for as much as 2, 8, 15, or even 30 days before

being nickel-plated.

3. Sheets of metal treated with the sand blast under these

conditions have been nickel plated with layers of increasing

thickness up to 0.04 mm.
The mechanical tests described above showed that the de-

posit is of excellent character up to 0.01 mm. ; when the deposit

is 0.02 mm. thick a certain amount of scale is exhibited ; the

adhesion is insufficient where the deposit is 0.04 mm. thick.

However, it is only this latter thickness which affords an ef-

fective protection against the action of the soda lye.

4. It is obvious that if a high resistance from a chemical

point of view could be imparted to aluminum and its alloys,

many new applications might be found for them. Consequently

the present investigators sought another plating method.

One of them had previously demonstrated that copper yields

by electrolysis a deposit much more compact than that ot

nickel and not so hard (Guillet et Bernard: Bulletin de la

Socicte d'Encouragement pour I'Industrie Nation-ale, 1914).

This fact suggested the idea of employing two layers of nickel

separated by a layer of copper, since the direct copper plating

of aluminum does not give satisfactory results. The following

method was finally worked out:

(a) The metal was treated with a sand blast under a pres-

sure of 1,500 grams per square centimeter, the sand being

fine enough to pass through a screen of 0.2 mm. mesh, (b) A
coating of nickel 0.006 mm. thick was applied, the length of

the operation being half an hour at 0.8 ampere per square

decimeter, (c) A layer of copper was next applied 0.02 mm.
thick, the length of the operation being two hours at one

ampere per square decimeter ; the copper bath employed con-

taining 150 grams of copper sulphate, 20- grams of sulphuric

acid and sufficient water to make one liter, (d) The layer

of copper was then polished, (e) A second plating of nickel

0.005 mm. was next applied, the operation lasting one hour at

0.5 ampere per square decimeter. (•/) The surface of the

nickel was polished.

These conditions satisfactorily met a portion of the me-

chanical tests: namely, the hammering produced no scaling;

bending was accomplished up to an angle of 120° and the

process of burnishing produced no alteration ; it also success-

fully met the chemical tests, resisting a 15 per cent solution

of soda lye at a temperature of 100°C.
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IT
may be a surprise to many to learn that

the Pacific Ocean is still sadly in need

of thorough-going exploration. When
one takes up a well-prepared atlas or an ex-

pensive globe, the impression is given that

everything has been definitely determined,

that the islands are all set down in their

correct places, that the reefs and depths of

the ocean are marked, etc. Lines upon a

map are always definite enough in them-

selves, but, for all that, they may fall far

short of giving a true picture of the earth's

surface. The facts are that in our maps of

the Pacific Ocean many tiny islands are

wrongly placed, some are omitted entirely,

while some are found only on the maps, and
so are comparable to the long lost land of Atlantis. Hundreds
of dangerous coral reefs in the South Pacific are not to be

found upon the navigator's charts and undoubtedly several

ships are lost each year from the lack of such data. The
commerce of the Pacific follows a few narrow lanes, within

which the danger spots are known, but when a vessel is so un-

fortunate as to be driven far out of its course her officers often

feel their way along with fear and trembling. But lamentably

deficient as is our knowledge of the geography of the Pacific,

it is far more extensive than our knowledge of this area in

many other ways. Very little is known of plants and minute

animal life in many of the islands and even less is known
concerning the fishes and marine fauna. Parts of New Guinea

and of the neighboring islands are absolutely unexplored.

Finally, there are primitive peoples in many of the islands

and even in the remoter parts of Australia who have never

seen white men. In short, the world today is woefully ig-

norant of its largest and most magnificent ocean.

ORGANIZATION OF THE CONGRESS

To take immediate steps toward the correction of this

deficiency a three weeks' conference was held in Honolulu last

August. This was a gathering of representative scientific men
from the countries in and around the Pacific Ocean. The
conception of such a conference originated with Alexander

Hume Ford of Honolulu, the Executive Secretary of the Pan-

Pacific Union, and the initial steps were taken by the Gov-

ernor of the territory of Hawaii. Upon the recommendation

of the Governor of Hawaii, the Government of the United

States authorized the conference and appropriated a small

sum of money to meet the initial expense of it. The prelimi-

nary organization of this conference as the First Pan-Pacific

Scientific Congress was delegated to the National Research

Council of the United States. Sixty scientists assembled in

Honolulu by invitation, men who were recognized masters in

their respective fields, many of them specialists in problems

pertaining to the Pacific. The countries represented were

Japan, England, Australia, New Zealand, Canada, the United

States, the Philippine Islands, and the Territory of Hawaii.

Prof. Herbert E. Gregory of Yale University was elected
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president of the Congress and Dr. A. L. Dean,

president of the University of Hawaii, sec-

retary.

Chairmen of the respective sections of the

Congress were : Anthropology, Clark Wiss-

ler, curator of anthropology, American

Museum of Natural History, New York City.

Biology, Charles Chilton, professor of biol-

ogy, Canterbury College, Christchurch, New
Zealand.

Botany, W. E. Safford, economic botanist,

United States Department of Agriculture.

Entomology, F. Muir, entomologist, Ha-

waiian Sugar Planters' Association.

Geography, William Bowie, chief, Division

of Geodesy, United States Coast and Geo-

detic Survey.

Geology, T. Wayland Vaughan, United

States Geological Survey.

Seismology and Volcanology, Fusakichi

Omori, director, Seismological Institute,

Tokio, Japan.

The keynote of the Congress was co6rdi-

nation of effort in exploration and research.

This should result in the correlation of all the available data

upon the scientific problems of the Pacific area. The men
who come together, though representing many distinct scien-

tific fields, were unanimous in the opinion that advance in our

knowledge of the Pacific area would be expedited when, and

only when, the narrow but effective special methods of the

several fields of research were systematically brought to bear

upon the same problems.

Some of the most fundamental scientific problems of this

area relate, for instance, to food supply, the production and

preparation of food, involving a great complex of nutritive and

cultural elements,—natural, social, and psychological. Long

before white men sailed into the Pacific, other peoples had

made discoveries there and planted colonies. Where these

peoples originated and how they came to the islands of the

Pacific are other unsolved problems. The natives occupying

the great central island area of the Pacific are called Polyne-

sians. When discovered they possessed many cultivated plants.

The origin of these plants is yet another of the problems of

the Pacific whence came the original seed, how did the plants

reach the different islands, what are the ethnological contacts

indicated by the possession of these plants?

It was made clear in the discussions of the Congress that

the answers to such questions as are presented in these prob-

lems were not to be obtained by the methods of one science

alone. Anthropologists who are studying the Polynesians must

bring to bear their knowledge of native Polynesian agriculture

and of Polynesian migration. The oceanographer also must

furnish information upon the ocean as a factor in the distri-

bution of plants. Even the entomologist and plant pathologist

must be called upon to contribute data on the minute parasites

that infest, plants in the different islands, because these may

have been carried in with the original stock. It is only from

intensive work in all these fields and the weaving together of

results that we may expect a solution of any one phase of the

complex problem of food supply. This large group of prob-

lems thus includes many which in themselves are economic,

ethnological, or entomological, but which have important in-

terrelations. Accepting then the principle that no one science

is able to proceed entirely alone, this first Pan-Pacific Scientific
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Congress set itself the tasks, first, of formulating the scien-

tific problems of the Pacific and, next, of organizing concerted
effort for the solution of these problems.

This statement of aims and methods for research in the
Pacific area will be an important document. In the first place

it will summarize the present state of scientific knowledge
for that area under the following heads : anthropology, biology,

botany, entomology, geography, geology, seismology, and vol-

canology. Following each of these sections will be outlines

of new researches necessary and specific recommendations for

their prosecution. The importance of these statements will

lie in that they will constitute a consensus among representa-

tive scientific men, and will be, therefore, authoritative.

PROBLEMS RECOMMENDED BY THE CONGRESS

A clearer idea of the work of the Congress may be had from
a look at a few of the problems so far outlined. Realizing that

among the first essentials to accurate observations in the

islands of the Pacific are geological maps, it was resolved that

the first thing to do should be the construction of base maps
showing the important topographical features. The standard

maps of the world are now by international agreement pro-

jected on a scale of 1 :1,000,000 and it is according to this

standard that these much-needed maps of the Pacific area are

to be prepared. Much of the necessary data for this work is

still to be obtained. In addition, two special series of maps
were provided for, one showing the distribution of geological

formations and another the distribution of mineral resources.

Special recommendations were made for a geological survey of

Hawaii, Fiji, and a number of smaller islands, the formations

of which are scarcely known.
Another subject to receive attention is the contour of the

hottom of the Pacific Ocean. Such knowledge is of practical

value in navigation, but is especially important as supple-

mentary to geological interpretations of the shore lines of con-

tinents. Little headway can be made with the determination

of the framework of the Pacific region and its geological his-

tory until the form of the bed of the Pacific is known. To
this end many additional soundings must be made before satis-

factory charts can be prepared. It is the hope of the Congress

that the several nations around the Pacific will take steps

to have these soundings made and the results reported. These

problems, among many others which might be mentioned, indi-

cate the kind of program now before the geologists of the

countries bordering the Pacific Ocean.

Another group of related problems concerns volcanoes and

earthquakes. The destruction of life and property from these

causes in and around the Pacific area probably exceeds that

in any other part of the world. The development of seismology

or the detection of earth movements and tremors by means of a

seismograph is a new science and one that is likely to con-

tribute a great deal to human welfare. Though seismology is

still in its infancy, it is already possible by means of the

seismograph to detect the approach of not only volcanic erup-

tions and earthquakes, but also of typhoons and other disas-

trous storms. Typhoons, by moving the water of the sea,

set up in the earth vibrations of sufficient intensity to be

recorded by seismographs located on neighboring shores.

Japanese seismologists have been particularly successful in

these predictions, saving great losses of shipping and human
life. In view of the expected development of seismology and

its great practical importance, the Congress gave particular

attention to the improvement and extension of methods of

recording earth movements and also to increasing the number
of observing stations and to the re-location of some already

established. Further, since the proper interpretation of seis-

mographic observations depends upon rapid and ready com-

munication between various observing stations, steps were

taken to organize a central bureau in which all such reports

could be successfully and promptly coordinated and in turn

distributed to the various observers. While it is not true that

volcanic activity and earthquake phenomena are necessarily

intimately related, it, nevertheless, is true that these phenom-
ena are so correlated as to warrant the establishment of joint

observatories in volcanic districts. Such an observatory has
been established on the Island of Hawaii near the crater of
Kilauea. Although this station has been in operation but a

few years it has already contributed greatly to our knowledge
of volcanic phenomena. In view of this, special recommenda-
tions were made for the establishment of similar observatories

wherever there are active volcanoes in and around the Pacific.

A practical phase of this general subject is the study of the

destructive effects of earthquakes to determine the proper

methods of building construction and engineering enterprises

so as to render them less liable to catastrophies when earth-

quakes occur.

The biological section gave particular attention to the con-

servation of natural resources. Many species of fish and other

marine animals are being exterminated from Pacific waters.

The complete loss of these would be a great detriment to the

welfare of all the peoples now dependent on them. Since it is

obvious that successful measures for the protection of marine

life must be based upon an exact knowledge of the life histo-

ries of the various species, it follows that biological research

in these fields is of the greatest practical importance. To this

end recommendations were made to the various governments

in and around the Pacific, urging the creation of marine bio-

logical stations at convenient points and the organization of

a systematic survey of the whole region, with particular atten-

tion to economic problems in fisheries. Although an interna-

tional body, the Congress regarded this question of such

urgency that some existing agency or institution within one

of the nations concerned should be designated as the leader

to organize such a survey as an international project. The
choice fell upon the National Research Council of the United

States.

The problems of distribution of the land flora and fauna

of the Pacific Islands are also of the greatest theoretical sig-

nificance. For example, when certain wild plants whose chief

range of distribution is upon one of the adjoining continents

are found upon a few of the islands far out in the Pacific,

we wish at once to know how these plants got there. But even

more interesting problems are connected with the frequent lava

flows in Hawaii and other islands where volcanoes are active.

When a volcano ejects a mass of lava this flows down over

the slopes of the mountain and the surrounding country and

when cooled presents a new surface devoid of any living thing.

Plants and animals, however, gradually appear upon this

surface, with the repetition of all the essential steps in the

creation of soil and the formation of the earth's surface as

we know it. Thus such spots present great opportunities for

research not only of theoretical but of practical value, for

the time will come, in the days of diminishing returns from the

cultivation of the soil, when we must know what plants are

able to grow in waste places and the steps necessary for the

production of new soils.

Another group of problems of great immediate importance

includes those of the racial characteristics of the races of

peoples bordering on the Pacific, and of the mixture of these

races. Since the Pacific area is the meeting place of the East

and the West, there is no better field for studs'ing the scientific

bases for the compatibility or incompatibility of mixtures of

peoples which differ greatly in tradition, in type of culture, and

in stock, and which have been brought only recently into inti-

mate contact with each other.

NEW EXPEDITIONS

That the Pan-Pacific Congress is supported by a growing

interest in the field of racial research is indicated by a

recent substantial gift from Mr. Bayard Dominick to Yale

University and the Bishop Museum of Honolulu, exclusively for

research on the culture and racial characteristics of the

Polynesians. These resources make possible field exploration

upon a large scale. Prof. Herbert E. Gregory has been ap-
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pointed the director of these and other researches under the

joint authorization of Yale University and the Bishop Museum.
When the Pan-Pacific Congress assembled in Honolulu it was
requested by the trustees of the Bishop estate, who adminis-

ter the Bishop Museum, to formulate a specific plan for re-

search in the Pacific, particularly in Polynesia, which they,

might adopt as their program, but with the understanding
that such a plan should be so drawn as to encourage other

institutions and investigators to come into the field on a co-

ordinate basis. The Bishop Museum is now sending out a

number of men in parties of three, each party being made up
of an ethnologist to study the present culture of the natives,

an archaeologist to study the remains of past native life by
working in ruins, tombs, and other debris of past cultures, and
finally, a botanist to give particular attention to the plants

used by the natives, since the origin of these will throw light

upon the past history of the Polynesians. The following

newly appointed members of the survey are now in the field

:

For the Marquesas Islands, Dr. E. S. Handy, ethnologist; Dr.

Ralph Linton, archaeologist ; Dr. Forest B. A. Brown, botanist.

For the Tonga Islands, Dr. E. W. Gifford, ethnologist ; William

C. McKern, archaeologist; and for Austral Island, Dr. R. T.

Aitken, ethnologist, and John F. G. Stokes, archaeologist. The
botanists for the two latter parties are still to be appointed.

The only other institution taking an active part in this field

is the American Museum of Natural History of New York. It

is cooperating directly with the Bishop Museum in the Bayard
Dominick Survey by assuming responsibility for the racial

problem in Polynesia. This work is under the immediate di-

rection of Dr. L. R. Sullivan, who will give his attention to the

racial characteristics of the Polynesians, but will extend the

work later to include studies of other races in the Pacific,

giving particular attention to the subject of race mixture.

In addition the American Museum of Natural History has
organized a survey of bird life in the Pacific upon an unprece-

dented scale. As projected, the work will cover a term of ten

years. A number of parties will be maintained in the field,

equipped with small vessels fitted out with laboratories for

working over the specimens as they are collected. The under-

taking is under the direction of Dr. Frank M. Chapman, the

famous explorer and student of bird life, long associated with

the American Museum. The great problem in the bird life of

the Pacific is the distribution and local evolution of the

different species. From our superficial knowledge we know
that in some of the islands birds of the same species have

changed the form of their beaks according to the food availa-

ble in the respective islands. Such local adaptations to en-

vironment promise to be one of the most important points

developed in this investigation. Islands offer better opportu-

nities for the modification of species than continents because in

the former we have many isolated land masses where birds, for

example, may live for centuries without receiving a single for-

eign visitor of their kind. This is rarely the case upon a con-

tinent where the constant crossing within the species tends to

drown out all new developments.

The work of the Bishop Museum and of the American

Museum of Natural History will be so adapted as to conform

to the new ideal laid down by the Pan-Pacific Congress. Each

institution will direct its own operations, but will so adjust its

program as to coordinate its work with the recommendations

of the Congress and so cooperate to the common end. It is

hoped that institutions in Canada, Australia, New Zealand,

and Japan will enter this field with similar equipment and that

the governments of these countries will take immediate steps

to carry out the recommendations of this Congress concerning

oceanographic surveys.

Notes on Science in America
Abstracts of Current Literature

Prepared by Edward Gleason Spaulding, Professor of Philosophy, Princeton University

A GENERAL SINKING OF SEA-LEVEL IN RECENT TIME
In the Proceedings of the National Academy of Science for

May, 1920, Mr. Reginald A. Daly of the Department of Geology

of Harvard University presents an interesting paper in which

he considers the subject of the general sinking of sea-level

in recent time.

Nearly twenty years ago the hypothesis of a recent, nega-

tive movement of sea-level first presented itself to Mr. Daly
while he was engaged in the correlation of post-Glacial ele-

vated strands in Labrador and Newfoundland with those of

Quebec. The highest strand mapped between Newfoundland
and Nachvak Bay, 500 miles to the northwest, was found to be

strongly warped, like the highest strand from Newfoundland

to Massachusettts. On the other hand, the lowest emerged

terrace along the shores of the Gulf of St. Lawrence was seen

to be conspicuously level throughout a distance of 300 miles

or more below Quebec City. This apparent uniformity of

level prompted the question whether this particular strand

had been abandoned by the waves because of a sinking of gen-

eral sea-level. For lack of accurate leveling, correlation with

the more closely studied, lowest beaches of Labrador was

impossible, and with the data in hand serious belief in the

hypothesis of a eustatic change was withheld.

However, that explanation was recalled by the discovery of

new facts during recent field studies on the shores of New
England, Florida, and the Samoan Islands. Meantime Gold-

thwait had made a careful study of the St. Lawrence strand,

to which he gave the name "Micmac terrace" ; and the results

of his leveling agree so well with those made in the other re-

gions mentioned that the suspicion of past years became a

hypothesis deserving more attentive consideration.

In his account of the Micmac terrace, Goldthwait noted the

nearly uniform level of its inner edge at about 20 feet above

high tide, as well as its relatively great strength and conti-

nuity, with width varying from a few feet to 1.5 miles or

more. Though only a part of its width is due to wave-cutting

and though the formations affected are weak, the higher level

of the sea must have been steadily kept for a large fraction

of post-Glacial time. Farther east in the Gulf of St. Lawrence,

on Anticosti, and again in Nova Scotia, Twenhofel has found

wide terraces at about the same level. A similar feature char-

acterizes the coast of Maine, as emphasized in the folios and

monographs of the United States Geological Survey.

Mayor had also found wave-cut rock benches, about 8 feet

above high tide on all sides of Tutuila, the largest island of

American Samoa, and Mr. Daly himself has found very fine

wave-cut benches at 8 to. 10 feet above high tide on Aunuu and

Tau, and others at the same general elevation on Olosega

Island, 7 miles west of Tau. Explanation by local uplift was

at once seen to be highly improbable, for crustal uplift of such

uniformity is unknown to geology.

Eight or ten feet of bench elevation does not, however,

measure the total of recent emergence in Samoa. At several

points in Tutuila large sea-caves were found. Their floors

varied in height from 14 or 15 feet at their mouths to 25

feet at the back walls of the caves. Many caves of similar

form and cut in similar rocks are being made by the surf

of the present day. The lower lips of these newer caves are
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characteristically 4 to 6 or more feet below high-tide level and
the floors rise inward to heights of a few feet above high tide.

The hypothesis of a eustatic shift must obviously meet the

test of matching the facts observable on the shores of every

continent and of most islands. A specially instructive example
is seen in the agreement of the lower Cape May terrace of

New Jersey and Pennsylvania, the Talbot terrace of Maryland
(marine part), the Satilla terrace of Georgia, and the lower

Pensacola terrace of Florida in age, height and strength of

development, both among themselves and with the other ter-

races above mentioned. The Pensacola-Satilla terrace alone

keeps a practically uniform set of levels (maximum about 20

feet) for an airline distance of 500 miles; the explanation of

its emergence by crustal uplift seems hardly credible.

A second test naturally inheres in the expectation that the

deleveling should be synchronous in all parts of the ocean.

Observers dwell on the recency of the sea-level shifts regis-

tered in all of the cases compiled. Fossils from the St. Law-
rence, Scottish, Irish, Cuban, Patagonian, New Zealand, Aus-

tralian, Funafuti, Murray Island, New Jersey, Maryland, Geor-

gia, and Florida beaches, reefs, or coastal plains belong to

species now living in the adjoining seas, or, exceptionally, to

species now living in slightly warmer water. Great recency is

also shown by the relatively small damage done by erosion to

the strand-marks, except in the case of those exposed to

powerful surf. The beaches of the higher latitudes are clearly

post-Glacial and also of later dates than the post-Glacial

uplifts following the melting of the ice-caps.

Simultaneous emergence of the many separate regions is the

more credible because of the similarity in the histories of their

respective coasts before emergence. Repeatedly one encounters

the description of terrace, bench or beach near the 20-foot

level as the best developed, the most conspicuous, of the most

persistent in areas characterized by "raised" strand-marks.

In conclusion the most promising idea appears to be that

a few thousand years ago there was an increase in the

volume of the existing, non-floating glaciers. If the Antarctic

ice-cap were then thickened to the average amount of about

700 feet, an average sinking of the sea-level to the extent of

nearly 20 feet would be inevitable. In favor of this suggestion

would be evidence of a world-wide oscillation of climate like

that which seems to have affected the Christiania region in

recent time. If the whole earth was, in the Tapes period, a

little warmer than now, less water may have been taken from

the ocean to constitute the ice-caps ; sea-level was a little

higher than at present. The oscillation as a whole would be

but an incident in a series of climatic and oceanic changes

which began with the opening of the Glacial period.

THE NATURE OF ANIMAL LUMINESCENCE
In a paper read before the American Philosophical Society

at its meeting in Philadelphia, April 20-24, 1920, Prof. E. New-
ton Harvey of Princeton University presents and discusses

the extremely striking results obtained by him in the study

of animal luminescence and stvnwlation. Professor Harvey

finds that the production of light by animals is due to the

burning or oxidation of a substance called luciferin in the

presence of an enzyme or catalyst called luciferase. This light-

production resembles the ordinary artificial methods of illu-

mination by burning in that oxygen is as necessary for animal

luminescence as It is for the light of a lamp or tallow candle.

It differs in that water is absolutely essential for the light

production and no carbon dioxide or heat is produced, at least

no carbon dioxide or heat is produced at all comparable to

that formed during the burning of such substances as tallow,

either in the form of a candle or as food, to supply heat and

energy for the body. Light production by animals differs

also from light produced by combustion in that the oxidation

product of luciferin, oxyluciferin, can be easily reduced to

luciferin, which will again oxidize with light production. The
reaction is reversible and appears to be of this nature—luciferin

+0 <H> oxyluciferin + H,0. The difference between luciferin

and oxyluciferin lies probably in this, that the luciferin pos-

sesses two atoms of hydrogen which are removed to from H2

when the luciferin is oxidized. The H2 must be added to reform
luciferin. Whether the reaction goes in one direction or the

other depends, among other things, on the concentration of

oxygen and the presence of a reducing agent. In a mixture

of luciferin, luciferase, reducing agent and an abundant sup-

ply of oxygen, the reaction goes from left to right (with pro-

duction of light) to an equilibrium. On removal of oxygen the

reaction goes in the right to left direction with reformation

of luciferin. Thus, while a firefly is flashing, oxyluciferin is

produced and between the flashes oxyluciferin is reduced and

is now ready to be again oxidized with light production. One
may figuratively describe the firefly as a most extraordinary

kind of lamp which is able to make its oil from the products of

its own combustion. Not only is it most efficient so far as the

radiation (being all light) it produces is concerned, but also

most economical so far as its chemical processes are concerned.

The above reactions can be demonstrated in a test tube with

a mixture of oxyluciferin, luciferase and ammonium sulphide.

The ammonium sulphide is probably represented in living

cells by reducing enzymes or reductases. If such a test-tube is

allowed to stand, oxyluciferin is reduced to luciferin which

will luminesce only at the surface of the liquid in the test-

tube in contact with air. .When the tube is agitated so as

to dissolve more oxygen of the air the liquid glows through-

out. Even a gentle knock or "stimulus" to the tube is sufficient

to cause enough oxygen to dissolve to give a momentary flash

of light which is strikingly similar to the flash of light given

by luminous animals themselves on stimulation. This sug-

gests that when we agitate a luminous animal or when the

luminous gland cells of a firefly are stimulated through nerves

with the resultant flash of light, in each case the stimulus acts

by increasing the permeability of the surface layer of the cells

of oxygen. This then upsets an equilibrium involving the luci-

ferin, luciferase, oxyluciferin, oxygen and reductase within

the cell, with the production of light and formation of more
oxyluciferin. So long as the luminous cell is resting and

unstimulated the tendency is for reduction processes to occur

and luciferin to be formed. It must be pointed out that not

all sorts of stimulation can be explained in this way, as the

stimulation of muscles or nerve fibers may take place in the

complete absence of oxygen.

THE COMPONENTS AND COLLOIDAL BEHAVIOR OF
PROTOPLASM

At the 1920 general meeting of the American Philosophical

Society held in Philadelphia in April, Dr. D. T. MacDougal,

director of the Desert Laboratory of the Carnegie Institution,

Tucson, Arizona, presented an important paper on "The Com-
ponents and Colloidal Behavior of Protoplasm," of which the

following is a summary : The living matter of plants is com-

posed chiefly of mucilages and albuminous compounds in vary-

ing proportions mixed in the form of an emulsion or as a

jelly. The molecules of solid matter are aggregated into

groups which also include a number of molecules of water.

Growth consists of the absorption of additional water to these

groups, with more solid material being added at the same
time, the process being termed hydration. The resultant in-

crease may be detected by determination of increased dry

weight, or measured as increase in length, thickness or volume.

More exact studies in growth have become possible by the

establishment of the fact that mixtures of 25 to 50 per cent

mucilage and 50 to 75 per cent albumin show the hydration

reactions of cell-masses of plants. It is also found that certain

amino-compounds, such as histidine, glycocoll, alanin, and

phenyl-alanin which are known to promote growth also in-

crease the hydration of the biocolloids as the above mixtures

are called. Following these empirical tests which have defined

the character and field of research upon growth, measure-

ments are now being made of the action of various ions or
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substances upon the components of protoplasm. Thus the

strong metallic bases, potassium, sodium and lithium, exert a
limiting action on hydration of carbohydrate (agar) in hun-

dredth normal solution according to their position in the

electromotive series, potassium being the strongest and reduc-

ing swelling most. Rubidium, however, did not take its

place at the head of the list in the single series of tests made
for reasons we are not able to describe. At dilute concentra-

tions all these bases promote hydration, an effect also

produced by amino-compounds. The inclusion of substances

in a liquefied colloid, afterwards dried, produce a hy-

dration effect different from that which results from placing

the substance in the water in which the biocolloid may be

placed. This fact has wide significance in the physiological

action of cell-masses. Renewal or replacement of hydrating

solutions may result in pulsations or rapid swellings, followed

by slow shrinkages or retractions. Gels similar to those enter-

ing into living matter may take on structure by which small

masses or sections may display highly differentiated action,

increases in size and changes in forms after a manner which

presents important possibilities in the behavior of cell-organs.

—From Science, June 11, 1920.

THE EFFECT OF HIGH TEMPERATURES ON FRUITS
The Botanical Gazette for April, 1920, contains an article

by Messrs. Overholser and Taylor describing the rather start-

ling results obtained by them in the study of the effect of high

temperatures on the ripening and deterioration of pears and

apples.

The authors give the following summary of their results and

conclusions

:

When contrasted with temperatures between 70 and 85°F.,

temperatures of 87.7 to 110°F. caused an appreciable delay in

the ripening of green first crop Bartlett pears.

The retardation of ripening was directly proportional to the

increased degree of heat within the limits of 87 and 104°F.

The amount of delay in ripening of green first crop Bartlett

pears of the different temperatures when contrasted with 70° F.,

or room temperature, was as follows : 85°F., no retardation

;

87.7°, 5 days; 94°F. and 104°F., 13 days.

Second crop Bartlett pears, placed at a temperature of 101 °F.

and surrounded by a relative humidity of below 50 per cent,

remained unripe 4 weeks after similar pears had become fully

ripe at room temperature and humidity.

The relative humidity does not seem to be a significant

factor in checking the ripening processes. Its effect is in

lessening or permitting wilting, depending upon whether the

relative humidity surrounding the fruit is high or low.

The flavor of the pears subjected to those temperatures

higher than 85 °F. was not normal. There was a slight acidity,

and the sweetish taste and juiciness were lacking.

Temperatures above 110°F. result in a more rapid ripening

and consequent breakdown of the tissue than do any of the

lower temperatures, down to average room temperatures.

As would be expected, there was a comparatively large loss

from rot with the fruit kept at high temperatures and sur-

rounded by high relative humidity.

A possible explanation of the effects of high temperatures

may lie in the influence upon the enzymes. Temperatures

approaching the probable minimum (around 28°F.) on the one

hand, and the probable maximum (around 110°F.) on the

other, might result in a reduction of enzymatic activities of

the fruit and a consequent retardation of the ripening proc-

esses; while with the optimum temperatures (70-85°F.) the

enzymatic activity would be most marked, and hence the

ripening most rapid.

If the Bartlett pears have nearly reached a stage of com-

plete ripeness, the temperatures above 70°F. do not check the

ripening process. On the other hand, the ripening and break-

down are more rapid with each marked rise in temperature.

Unripe Easter pears behave in a manner comparable to the

Bartlett when placed under similar conditions of high tem-
perature and relative humidity.

The process of ripening with Yellow Newton apples is not

delayed by temperatures above 32 C F. The ripening takes place

with increased rapidity with each appreciable rise in tem-

perature above 32 °F.

The experiments suggest that with an excessively hot season

during the time of ripening, Bartlett and Easter and possibly

other pears might be allowed to remain on the trees somewhat
longer than with a normal season.

For Yellow Newton and no doubt other varieties of apples,

which are to be stored any length of time, the necessity of

quickly cooling after harvesting is emphasized.

The author considers that the practical applications of the

data presented are somewhat limited, but the facts may be of

value some years and in certain sections in connection with the

time of picking Bartlett pears. For example, as a rule during

the hottest seasons the growers have felt a greater necessity

for earlier picking than when the season is normal at the time

of ripening. In view of the results obtained, it may really

happen that the ripening of the pears is delayed by the ex-

cessively hot weather, and would mean that the fruit might

well be allowed to remain on the trees longer than would be

the case in a normal season. If all varieties of apples behave

as do Yellow Newton, high temperatures do not delay ripen-

ing. Instead, up to the point of tissue destruction by heat,

the higher the temperature the more rapid the ripening. This

emphasizes the necessity of hurrying into low temperatures

apples which are to be stored for any length of time.

THE NUTRITIVE VALUE OF PEANUT FLOUR AS A
SUPPLEMENT TO WHEAT FLOUR

Messes. C. O. Johns and A. J. Finks of the Protein In-

vestigation Laboratory, Bureau of Chemistry, United States

Department of Agriculture, Washington, give, in the Journal

of Biological Chemistry, for July, 1920, the following summary

of results obtained by them in the study of the Nutritive Value

of Peanut Flour as a Supplement to Wheat Flour.

A diet containing bread made from wheat flour (74 per cent

extraction) when fed to albino rats as the only source of

protein and water-soluble vitamine, together with an ade-

quate inorganic salt mixture and butter fat, produced only

about one-third to two-thirds of normal growth.

Bread made with a mixture of 25 parts of peanut flour and

75 parts of wheat flour furnished adequate proteins and water-

soluble vitamine for normal growth. A similar bread contain-

ing 15 parts of peanut flour and 85 parts of wheat flour con-

tained proteins and sufficient water-soluble vitamine for growth

at very nearly the normal rate.

Wheat flour (74 per cent extraction) contains sufficient

water-soluble vitamine for the normal growth of albino rats.

The proteins in the peanut bread were utilized almost twice

as well as those contained in the wheat bread.

A SIMPLE METHOD OF MEASURING RESPIRATION

At the 1920 general meeting of the American Philosophical

Society in Philadelphia in April, Dr. W. J. V. Osterhaut, pro-

fessor of Botany in Harvard University, presented an impor-

tant paper on "A Simple Method of Measuring Respiration,"

whereby determinations can be made at frequent intervals

(as often as once every three minutes). The application of

this method to the study of anesthesia shows, in Professor

Osterhout's opinion, the incorrectness of the theory of Verworn,

according to which anesthesia is a kind of asphyxia, due to

the inhibition of respiration by the anesthetic. In the study of

antagonism it is found that the antagonistic substances may

increase or decrease respiration, but when properly combined

they show little or no interference with normal respiration.

The study of the action of acids and alkalies shows that these

substances may increase or decrease respiration and that the

effect varies greatly with different organisms.
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GAS APPLIANCE INVESTIGATION
Recently the attention of the public has been directed to

the wasteful way in which natural gas is at present being

used. Not many years ago our gas wells were looked upon as

constituting an almost unlimited source of supply of gas for

all purposes. As a consequence, the most wasteful methods
were in many cases employed in the utilization of this nat-

ural resource. Now, however, scientific men have pointed

out that this is a very limited natural resource and one which
should by all means be conserved and used only for those pur-

poses for which it is best adapted, employing for other services

artificial gas, which in many of these cases is practically as

satisfactory.

During the war the Bureau of Standards was called upon
by numerous cities and States to investigate natural gas con-

ditions and to point out means for improving the situation.

This has led to a very thorough investigation of the whole
natural gas problem and particularly to a study of the types

of burners employed. It is probably not generally known
that most gas burners, such as are used in our homes, are
very inefficient. The proportions of air and gas are seldom
the best possible, with the consequence that the maximum
number of heat units are not obtained from combustion of a

given quantity of gas. This investigation of gas-burner de-

sign and operation was begun last year in cooperation with

the Industrial Fuel Committee of the American Gas Associa-

tion. It has been actively continued throughout this year,

and the points studied have included the proper design of air

shutter, gas orifice, and burner throat to give the maximum
injection of air under ordinary conditions. Some months
have been spent in designing and developing suitable appara-

tus for making the necessary measurements of the air and
gas. While progress in this direction seemed slow, it was
time well spent, as the equipment finally developed proved so

satisfactory that the results are now obtained with unusual
rapidity.

Work has been done on experimental burners representing

a wide variation in dimensions and an extensive report has

already been presented to the Industrial Fuel Committee.

This report covered primarily work in connection with in-

dustrial burners but the urgent need for conservation of

natural gas service, as supplied to households, suggested the

desirability of extending this investigation to types of burn-

ers in domestic use. Since transportation of sufficient quanti-

ties of natural gas to Washington was not practicable, the

Bureau of Mines kindly furnished space in its Pittsburgh

Experiment Station and work has already been commenced
there to find what range of efficiency is actually obtained in

the use of natural gas and what degree of improvement is

practicable.

This work has already progressed far enough to bear out

the statements made above, that many appliances at present

in use are very low in efficiency and that great improvement

in this respect can readily be made. Specific tests have shown

that equipment which now makes use of from 10 to 30 per

cent of the heat of the gas can be made to utilize 30 to 50 per

cent.

Results of great importance have also been obtained in the

design of natural gas burners to operate on low pressures.

In very cold weather the gas pressure is apt to fall for various

reasons, rendering the usual gas appliances practically use-

less. This investigation has shown that burners can be so

designed as to operate well on natural gas at low pressures,
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such as are used with the common quality of manufactured gas,
and it is possible that an improvement in service might be
made by installing gas regulators which would supply gas
at a low and uniform terminal pressure. As the adoption of
this plan would require considerable changes in gas dis-

tributing systems, valued at millions of dollars, it will un-
doubtedly be some time before it can be definitely recom-
mended as desirable.

EFFECT OF HEATING THE INLET MANIFOLD ON
AUTOMOBILE ENGINE PERFORMANCE

Over a year ago, the Committee of the Society of Automotive
Engineers on the Utilization of Present Fuels in Present En-
gines decided to promote "a more miles per gallon" movement,
by publishing a report on the economy to be secured by ap-
plying the correct amounts of heat at the intake manifold of
the conventional design of automobile engine. This Commit-
tee prepared a report dealing with the present state of the art
as regards hot spots, heated air, etc., and then decided to sup-
plement this by a special series of experiments to be con-
ducted at the Bureau of Standards.

This work was undertaken early in the summer, and in-

cluded measurements of engine performance under conditions

of both steady running and rapid acceleration with different

temperatures of the intake charge secured by three different

methods: (a) The hot air stove supplying heated air to the

carburetor; (b) the uniformly heated intake manifold, and
(c) the hot spot manifold. The Bureau was fortunate in

securing through the courtesy of one of the large automobile
builders a 6-cylinder automobile engine of standard design,

the construction of which was such as to permit of the ready
changing of the intake and exhaust manifolds to suit various
conditions. The engine was mounted in the Bureau's labora-

tory, connected to a 50 hp. Sprague dynamometer as well as

to a flywheel consisting of a 33-inch steel disk % inch thick

mounted on the dynamometer shaft The inertia of this

uywheel added to that of the dynamometer armature was
figured as being about equal to the inertia of a motor car

weighing about 3,500 pounds when on direct drive with a
gear ratio of 5 to 1 and using 32-inch wheels. This inertia

disk was used only in connection with special acceleration tests

and was removed for the constant speed runs to avoid unneces-

sary windage and strain upon the shaft.

An interesting portion of the test consisted in motion pic-

tures of the appearance of the air-fuel mixtures in the manifold

under different conditions of temperature, speed, and throttle

opening. In order to permit a visible observation of the fuel,

the T portion of the manifold was made of Pyrex glass so

supported as to be free from the stresses caused by the rest

of the manifold and the carburetor. It was interesting to note

that in but one of the runs conducted while this manifold was
in place was the interior of the same completely dried. This

condition was obtained only with great difficulty by the direct

application of the flames from two brazing torches to the

glass T. It was impossible to dry the walls of the manifold

solely by heating the air entering the carburetor to as high a

temperature as possible, 240°C (464°F.). At this tempera-

ture the walls were still covered with a rather thin oily film

which could be seen to creep slowly toward the intake ports.

Liquid particles in the airstream were carried against the

upper part of the manifold above the carburetor throat and

kept this portion wet at all times. When the T was heated

with the brazing torch a great difference was observed in the
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ease with which heat could be supplied to the liquid on the

walls. The liquid striking the top of the manifold had suf-

ficient velocity to make good thermal contact with the wall

and hence was readily evaporated. On the bottom of the

horizontal portion of the manifold, where the puddles of liquid

were relatively deep, the vapor formed would insulate the

liquid above it from the wall, thus making evaporation more
difficult. When the glass wall reached a high temperature,

the liquid fuel assumed the spheroidal state and behaved as

water does when dropped on a very hot stove. The liquid

which collected on the lower wall of the manifold came from

the inside surface of the vertical section of the T and was
finally eliminated by heating this section instead of the spots

where it afterward collected. The amount of heat necessary

to vaporize the liquid on the walls when no heat was applied

to the inlet air was surprising. The full blast of a %-inch

torch would just dry the top of the manifold. If the torch

were removed for as much as five seconds the wall would again

become wet. Fog was present in the mixture stream only

when the intake air temperature was below about 90°C.

Aftei conducting these preliminary tests with the glass

manifold and securing motion pictures of the appearance of

the air- fuel mixture, the main investigation was begun. The

first series of tests included runs with a manifold using an

exhaust jacket. As the points in which the average car owner

are most interested are low fuel consumption and rapid ac-

celeration, the problem was essentially to determine how the

attainment of this result is influenced by changes in the

amount of heat furnished the intake charge or in the method

by which this heat is supplied. From these measurements it

was decided that the fuel consumption per indicated horse-

power remained substantially the same throughout all the

charge conditions that were investigated. While differences

in consumption on the brake horse-power basis are often large,

on the indicated horse-power basis they are in general within

the limit of experimental error. The curves plotted as a result

of this work show differences of less than 4 per cent with

three different methods of heating with intake port tempera-

tures ranging from 48 to 96°C. (118.4 to 204.8°F.), and with

carburetor air temperatures from 30 to 90° C. (86 to 194°F.).

It may be concluded, then, that over this range the method and

amount of heating to be employed can be governed by its

effect upon the acceleration of the engine with the assurance

of producing no appreciable change in economy of operation.

In the acceleration tests, a dynamometer load was selected to

correspond with that of a car at about 45 miles per hour

with full throttle. This load was determined by running the

engine at full throttle and 2,400 r.p.m. and noting the position

of the dynamometer control resistances. The engine was then

idled at a slow speed with the resistances set as noted and

the throttle suddenly opened. Under these conditions the

inertia load of the flywheel corresponded to the inertia load of

the car, and the load speed characteristic of the dynamometer

approximated its wind and frictional resistance. Prior to the

acceleration test the engine was run at full throttle and 650

r.p.m. and observations were made of power, fuel consumption,

air flow, pressures, and temperatures. The acceleration run

was then made by suddenly and completely opening the throt-

tle and at the same time a chronographie record was taken of

time and engine revolutions. When the speed of the engine

reached 1,800 r.p.m. the throttle was closed and the run re-

peated. These runs covered at least three mixture ratio set-

tings. With a given amount of heat supplied to the intake

manifold, this was then changed and the runs repeated.

In conclusion, it may be stated that this investigation seems

to show (1) that at constant speed, mixture ratio, and power

output, the fuel consumption in pounds per brake horse-power

is independent of the temperatures and methods of heating the

intake charge within the range covered by this work. (2) The

rate at which an engine will accelerate with a given mixture

ratio or carburetor setting is markedly affected by the amount

of heat supplied and its method of application. Within the

limits of this work, the greater the amount of heat supplied
to the charge and the higher its temperature at the intake
port, the more rapidly the engine will accelerate.

ANALYSIS AND METALLOGRAPHIC EXAMINATION OF
SAMPLES OF ANCIENT ARMOR

Nearly every one has always felt a certain amount of inter-

est in studying the processes employed in bygone times for
the production of various materials, some of which appear
to excel those known today. The name of Damascus is, for
example, a synonym for the keenest of sword blades. It is

well known to scientists, however, that very often the excel-

lence of the finished products was due more to the employ-
ment of very high-grade raw materials than to any special

merit of the production processes.

Recently the Metropolitan Museum of Art in New York
City submitted to the Bureau of Standards a number of

samples of armor of various types and made at different dates,

all of it being many hundred years old. The Museum requested
that these samples be examined with a view to determining
the processes employed in the manufacture of the armor. As
some of the samples were badly rusted on both surfaces, it

was somewhat difficult to secure enough material for certain

of the analyses. The carbon determination had to be made
across the entire cross-seetion of the material in each case,

since the metal was so thin and corroded that samples could

not be obtained from the different layers.

In examining the specimens microscopically, they were cut

down and polished in such a way as to expose the various

layers of which the finished piece consisted. Both chemical

analysis and microscopic examination indicated that the proc-

ess used in the production of the armor was very similar to our

method of producing wrought iron. This is generally known
as the old cementation process. The metal was then carbonized

and hammered into thin sheets. These differed considerably

in hardness and probably in carbon content, though, as before

stated, the latter could not be determined chemically, owing
to the thinness of the sample. These various sheets were then

welded together, hammered into the desired shape and the

whole quenched to produce the final hardening effect.

All samples examined contained small amounts of copper,

but this was in all probability present in the original iron ore.

The examination proved the purity of the materials used.

A DISTANT-READING GERMAN AIRPLANE COMPASS
Thf Aeronautic Instruments Section of the Bureau has

probably the most complete collection of foreign airplane in-

struments in this country. Many of these have been received

quite recently from a representative of the Bureau who spent

some time in Europe. Among the German instruments recently

added is a Bamberg distant-reading compass which appears to

possess several features of interest and merit. The compass

depends for its operation upon the characteristic of selenium

which causes it to vary its electrical resistance with any change

in the intensity of the illumination falling upon it. In the

installation on an airplane, the compass itself is mounted in the

tail as far as possible from all disturbing magnetic influences.

The bowl of the compass contains two electric bulbs diamet-

rically opposed which throw their rays through a lens. The

latter concentrates the light upon two corresponding selenium

cells mounted upon a bridge extending across the top of the

bowl. In place of the ordinary card employed on the usual

form of compass a metal disk is attached to the magnetic ele-

ment with a slot cut in it in such shape that the disk acts as

a blind for the illuminating element. Thus the intensity of

the illumination falling on the selenium cells is varied in

accordance with the position of the magnetic element carrying

the disk. An electric circuit connect the cells with an am-

meter. In this way the readings of a compass are indicated at

any distance from the instrument. A mechanical connection to

the compass bowl allows the navigator to direct the pilot on

a given course by rotating the bowl.



Progress in the Field of Applied Chemistry
Notes Culled from Current Technical Literature

By H. E. Howe, Member of American Chemical Society

PREVENTING SUGAR DETERIORATION
It may not be known generally that certain molds and bac-

teria cause an appreciable annual loss of sugar by consuming
the sucrose in the raw sugar. It is true that the loss upon
any single barrel is far too slight to be detected by any other

than laboratory methods ; but it is possible for these micro-

organisms to consume a half teaspoonful or so during summer
storage. The usual source of these molds is the air, which

always contains numerous micro-organisms, and each individ-

ual mold if it falls upon an object which can supply it with

sufficient food can reproduce 300,000 or more individuals of the

same species in less than a week. This reproduction takes

place only when sufficient moisture is present, and it is

the tendency of sugar to absorb moisture in humid climates

or on ocean voyages that makes it an ideal medium for the

growth of these molds. Sugar is often stored for some time

in refineries where, owing to temperature changes, there is some

condensation of moisture.

The amount of the Cuban crop, which is believed to be de-

stroyed by molds, is approximately 1 per cent or nearly

70,000,000 pounds annually, which, at the rate of consumption

in the United States, would supply more than 870,000 persons

for one year. At the Louisiana Sugar Experiment Station,

Nicholas Koploff has devised a method for preventing the

molds and bacteria from causing this destruction and has also

determined which micro-organisms are most greedy. This has

led to the development of a method by which the keeping

quality of sugar may be determined in advance by identifying

the molds and referring to a chart.

The method recommended to prevent sugar deterioration is

the substitution of dry, or superheated, steam for water in

the final process of washing in the drums or centrifugals in

which sugar is dried. As the centrifugals whirl air is drawn
in from the bottom, carrying with it some of the mold spores.

At the same time the wash water is pretty sure to carry molds

and bacteria. Tests on the new process have shown that dry

steam is successful in killing over 99 per cent of the molds and

bacteria, and while this practice is not essentially new, the

results now on hand show that there is a direct practical value

in eliminating these small losses which in the aggregate are

a considerable factor, especially at the present price of sugar.

Bulletin No. 166 of the Louisiana Experiment Station, by

Koploff and Koploff, discusses the deterioration in the manu-

facture of cane sugar at length, and the chart to which

reference has been made accompanies Bulletin No. 170 of the

same station. The reader is also referred to the September

numbr of the Journal of Industrial and Engineering Chemistry.

MOLECULES AND MAN
This is the subject of a pamphlet by Dr. Robert E. Rose

which was distributed by one of the large chemical and dye

companies at the recent National Exposition of Chemical In-

dustries and deserves special mention because it presents in

oon-technieal language, and with great clearness, some of the

features of synthetic chemistry which are most difficult to pre-

sent in a way to interest the non-technical reader.

Certainly when the first Chemical Exposition was organized

during the war no one would have attempted this explanation

at such an exhibit as that where the booklet in question was

distributed and which was devoted to a presentation of some

of the steps in the synthesis of dyes by means of groups of

models depicting the molecules of substances as they are con-

ceived to be constituted by the organic chemist. It' must be
that an increasing number of the public have come to appre-
ciate matters of this kind and have informed themselves to

the point where an intelligent interest can be taken in such an
instructive exhibit. It seemed certain that even the casual
observer could derive a better understanding of what the

dye industry is about from the examination of these models
than' by seeing an array of gaily colored fabrics which after

all mean little in themselves.

But, to refer again to Dr. Rose's presentation, he points
out that in inorganic chemistry the chemist can only set the
elements free as in the case of metals where thus far it has
not been found possible to devise a metal which does not
occur in some form in nature ; but in the realm of organic
chemistry it is the province of the chemist to make new kinds
of matter, and to do so he must change each least unit of the

substances he uses for his building. These least units are
known as molecules, and the organic chemist must learn how
to build them up, break them down, or rearrange the atoms
of which they are composed, and when that is done the

original substance disappears and another takes its place.

Dr. Rose uses the simile of the letter and the word to convey
his meaning, saying that molecules are like words and atoms
are like letters. Thus one may think of the dye indigo as a

mass of units each of which is the word indigo.

"In making this word (molecule) the chemist uses simpler

words (molecules) ; some of only one letter, but still a word
like 'I.' He cannot use single letters that do not form
words because nature only furnishes perfect molecules, though
these are sometimes made of only one kind of matter. Given
these simpler molecules which may be represented as

I-gin-I-nod-dog-I

he puts them through processes which loosen the atoms from
each other and cause them to become rearranged in a new
order just as the words above can be regrouped to give

Indigo-Indigo."

Thus the chemist may be said to be engaged in a kind of a

game, endeavoring to arrange groups of certain atoms in as

many different kinds of molecules as possible. Limiting him
to carbon, oxygen, nitrogen, and hydrogen he has already

produced more than 100,000 different molecules which is a

greater number than the words that could be formed from

these four letters. The chemist goes so far as to use letters

when indicating his molecules on paper, and these letters are

arranged in strange fashion, so that they tell the chemist

the relationship of the substance to other substances and may
even indicate to him some of the characteristics of the- sub-

stance and the possibilities of changing it into still other sub-

stances. In writing such a symbol the chemist uses lines to

indicate bonds by which the atoms or letters are held in pe-

culiar ways in the molecule or the word.

Dr. Rose has given us a new definition for chemical industry

when he says chemical industry is "the rearrangement of

atoms to give more useful products than the molecules in

which the atoms are supplied."

When one remembers that these molecules are after all the

finished product which the manufacturing chemist has for sale

it is astonishing to think how small these molecules are and

how many of them are sold at a reasonable price. From

work which has been done in determining the size of molecules

it has been estimated that a pound of a dye called Pontamine

Black EX contains about forty sextillion molecules, each one

of which is composed of seventy-nine atoms and every atom

275
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in its place in proper relation to the other atoms, and all

for $1. If these molecules were beads and strung together

they would reach a distance such that light traveling 196,000

miles per second would require twenty-one years to traverse it.

When using this dye upon hosiery one square inch of fabric

of average weight absorbs twenty quintillion molecules of dye.

The booklet embodies a number of these letter groupings,

which picture the molecules to the chemist, and show how he

succeeds in adding a few letters here and there in the trans-

formation of raw materials into intermediates and these inter-

mediates into the dye.

Modern civilization is greatly indebted to the organic chem-
ical industry, and surely nothing should be allowed to stand

in the way of firmly establishing such an industry in our

country. This industry provides us with many things una-

vailable in the days of our great grandfathers and is responsi-

ble for our various anesthetics, many of our medicinal and
pharmaceutical preparations, synthetic perfumes, disinfect-

ants, and fibers which range in size from horsehair to those

smaller than the fibers of natural silk. Today the organic

chemist designs molecules to fight diseases just as he arranges

atoms in a new way to produce a new dye. Materials such as

adrenalin, formerly recovered wholly from natural sources by

intricate processes involving great cost, are now articles of

manufacture, and many of the apparently hopeless problems

involving almost incredible nicety of chemical action lie

within the grasp of chemical therapeutics. To encourage

exhaustive research such as that required for these accom-

plishments the chemical industry—organic chemical industry

—

is necessary and, as Dr. Rose inquires, "Does this industry not

deserve a home here?" The booklet in question deserves a

place in many a library.

a stock food and a scarcity of which is sure to react eventually
upon the price of producing our meat.

ARTIFICIAL STOCK FOODS
In the South African Journal of Industries for June, Mr.

W. Jarvis Palmer discusses at some length artificial stock

foods and their manufacture. The elements necessary for the

sustentation of animal life must contain crude protein or nitro-

genous compounds which are the muscle builders, the flesh

formers, and the milk producers. Heat energy and fat are de-

rived from the carbohydrates, which consist of sugar and

starch, and bear no nitrogen. Fat in such foods also produce

fat and heat, while the ash or mineral matter builds up bone

in the animal and has an effect upon the digestive system.

Crude fiber is in the indigestible element in a foodstuff and

serves somewhat as a filler.

The artificial stock foods are usually low in crude fiber

and furnish a large amount of digestible matter in concen-

trated form. In many localities the available food stuff is

apt to be low in crude protein, and the value of the artificial

food is frequently estimated upon the percentage of this ma-

terial present. Skim milk and whey are frequently obtainable,

the former being rich in casein, which is a nitrogenous com-

pound, and in sugar and ash, while whey, a by-product of

cheese making, is principally milk sugar. It is well known

that molasses is a valuable carbonaceous food which can be

fed in quantities of two to three pounds per day and is useful

in making attractive various crude fibers upon which it may
be sprinkled.

In South Africa various types of cake, which is a by-

product of the oil industry, are used. This includes soya bean,

cocoanut, ground or monkey nut, and the cake from sesame,

the oil of which is used for soap making and the preparation

of edible oils and fat. Fish meal, meat and blood meals, bone

meal, and cotton seed products are used there as here. Brew-

ers' grains and the by-products of mills are also highly valued,

not to mention ensilage.

In this connection it may be noted that whenever grain is

exported as such we send out of our country a quantity of

material derived from the mill as a by-product in the grind-

ing of flour and for which there is no adequate substitute as

COAL TAR SOLVENTS
So much has been heard concerning the importance of coal

tar itself as a starting point in the manufacture of synthetic
colors that we may be inclined to consider too lightly the
valuable solvents which are recovered in the distillate when
coal is destructively distilled. These solvents include benzol,

toluol, xylol, and various naphthas. Xylol is quite similar
to toluol in its properties and may not be separated as such
excepting for a small quantity which finds application in the
biological sciences. Coal tar solvents are stronger and usually
act more quickly than petroleum solvents and, while inflamma-
ble, are far less expensive than such material as carbon
tetrachloride. Further, their recovery for reuse is compara-
tively simple, and these solvents are not subject to the break-
down which accompanies the redistillation of some of the other
materials in the presence of moisture, which they are certain

to contain after use.

Benzol has a boiling point of about 80 °C. while toluol boils

at 110. These solvents are being widely used in the extraction
of vegetable oils which remain in the press cake after the
application of great pressures. It is now possible to remove
all traces of the solvent from both the oil and the seed meal,

so that the process is applicable to various grades of oil and
meal to be used for food purposes, and an increased yield of

from 6 to 8 per cent over pressing only is obtained.

In obtaining grease from bones in a process of producing
glue and fertilizer, and in treating bones prior to the manufac-
ture of bones or other articles from bone, a special benzol is

used being one that has a boiling point such that 90 per cent

of the liquid comes over at 100° C. and 100 per cent over at a

temperature not above 120°. This is known as 90 per* cent

benzol.

This same grade of benzol is also used as a solvent for the

grease to be found in garbage, and both benzol and toluol are

finding their way into the naval stores industry where they

are used to recover rosin from stumps and dross.

The 90 per cent benzol, above mentioned, is also being used

in the dry cleaning industry, replacing gasoline to a consider-

able extent, due in part to the difficulty of obtaining a gasoline

of sufficiently uniform composition to make it dependable in

the dry cleaning establishment.

In the recovery of these solvents simple distillation is ordi-

narily employed because the materials have a definite boiling

point which is low, so that they may be distilled by live steam

and separated from water by gravity. They are often cleansed

by centrifugal methods.

TRANSFORMING AMMUNITION PLANTS TO THE NEEDS
OF PEACE

This is a subject of much interest. A report of progress ap-

pears in the September issue of Chemical Age. It will be

realized that the adaptation of the many large special plants

erected for war purposes to the somewhat different needs of

peace involves a great deal of careful planning and high grade

engineering. Several of the ready made cities in industrial

centers have been sold to corporations organized for the pur-

pose of creating industrial centers.

One town has been transformed from a practically deserted

place, immediately after the signing of the armistice, into a

prosperous town of more than 7,000 and is expected soon to

overtake its wartime size and activity. Already industries

having a total capital of over $17,000,000 have been located at

this point and they comprise a sufficient variety to indicate

a large degree of stability. On a wartime basis the town pro-

duced smokeless powder and the city was built to order to

accommodate a population of 35,000. The following industries

have found a home at this point: Artificial silk, paper pulp

from cotton linters, optical lenses, china ware, high tension
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insulation, paper, silk hosiery, hardware, bottling machines, a

variety of textile concerns, trunk and bag manufacturers, and

producers of different sorts of machines and machine tools.

SOAP AND FRESH EGGS
Chemists in the Department of Chemistry at the Oklahoma

Agricultural-Mechanical College at Stillwater have made an

intensive study of the subject of egg preservation, particu-

larly by covering the shells with a thin film of aluminum
soap. The work is described in the August number of the

Journal of Industrial and Engineering Chemistry. The report

includes a useful bibliography on the subject of egg preser-

vation, a subject which is important in view of the annual

spoilage which involves as high as 25 per cent of the eggs

handled by dealers. It seems that but a small number of

methods have so far been employed in the effort to preserve

eggs, and little actual research has been put upon the prob-

lem. Most of the work has gone forward in France, Germany,
and this country. Some of the earliest methods involved

burying or packing eggs in nearly any air-tight substance,

some of the simpler being sawdust, oats, and salt. More re-

cently liquids such as cottonseed oil have been employed, and
the use of sodium silicate or water glass has become rather

common practice. The authors of the new method find va-

rious imperfections in the methods thus far practised to

exclude air from the egg and recommend aluminum soap for

further experiment.

The substance which they employ can be prepared from a

soap solution to which a solution of some salt of aluminum,

for example, alum, is to be added. Chemically speaking the

precipitate which results is a soap ; it is not soluble in

water, but is easily dissolved in gasoline. In such a solution

it is a simple matter to coat the egg with a thin film which

has no effect upon the contents of the egg, being both odorless

and tasteless. However the solvent gasoline has been found

to leave a slight taste which is imparted to the contents, and

the problem became how to apply the soap without this ob-

jectionable feature. The authors found that the eggs could

be protected by the use of dilute sulphuric acid before apply-

ing the soap. The effect is to form a thin coating of calcium

sulphate in the pores of the egg shells. The eggs immersed in

the dilute acid effervesce for about ten seconds after which

they may be dipped, without drying, into the aluminum soap

solution and placed upon a rack to dry. The extra cost in-

volved is of no consequence and the contents of the egg are

preserved without any foreign taste.

Recognizing that this double treatment might stand in the

way of the adoption of the method the authors continued their

research and concluded that, inasmuch as gasoline is largely

composed of pentane which is itself tasteless and odorless,

this material might be substituted for gasoline. Fortunately,

Dr. Roger Adams of the University of Illinois has devised an

inexpensive process for making pentane, and this would ap-

pear to solve the problem of producing a solution of alumi-

num soap which can be applied to eggs at low cost and with

satisfaction so far as keeping qualities are concerned.

Survey of Progress in Mechanical Engineering

Prepared Under the Auspices of the American Society of Mechanical Engineers

ROTO-PISTON VACUUM AND PRESSURE PUMPS
In these pumps the motions are produced by two cylinders,

one, the "roto-piston," being enclosed in the other and touching

it at only one point as they are mounted on different axes
(Fig. 1). The inner is revolved at the same angular speed

as the oiTter by cranks connecting the two cylinder heads.

The throw of the cranks is such as to allow the roto-piston

pump to maintain contact with the outer case in an apparently

eccentric motion which is, nevertheless, completely balanced.

The crescent-shaped space between the cylinders is sealed at

its ends by the contact of the cylinders and at any point by a

vane which slides in the roto-piston and maintains contact

with the outer cylinder.

As the crescent chamber remains fixed in revolution the

cylinders roll past it and the vane move through with them,

displacing the space as positively as in a reciprocating pump
although the motion is rotary and continuous. It has a sliding

area of a little over 1 in. on the outer case. The main shaft

remains stationary during revolution. There are no valves

and the pump is air cooled. The pumps are made in both

pressure and vacuum types.

—

Iron Age, Vol. 106, No. 7, Aug.

12, 1920, p. 393.

PUMPS FOR CORROSIVE LIQUIDS

The question of pumps for corrosive liquids is of particular

though not exclusive interest to the chemical industry. Various

materials have been tried and while satisfactory for some

purposes failed under other conditions. Thus, ferrosilicon re-

sists some acids but not hydrochloric acid, and is unsuitable

for processes where contamination with iron must be avoided.

Lead and regulus metal cannot be used for solutions containing

metallic salts. Ebonite will not withstand hot liquids and is

attacked by some chemicals.

It would appear that the substance which is most generally

suitable for resisting the action of corrosive liquids is some

kind of silicious ceramic material as this can be obtained in

forms entirely insoluble in almost any liquid. On the other

hand, however, the usual type of ceramic materials is difficult

to shape and has somewhat unsatisfactory mechanical prop-

erties.

FIG. 1. ROTO-PISTON VACUUM AND PRESSURE PUMP

During the war, however, a new ware was developed under

the necessity of finding some substance suitable for apparatus

for condensation of large quantities of acid gas. Like silica

ware, it can be plunged when red hot into cold water without

cracking and has also good heat conductivity. This material
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was known as ceratlierm. Since the war a modified form of
this material was adopted by Guthrie & Co. of Accrington,
England, in the manufacture of rare acid-proof pumps. This
modified ceratherm material can be manufactured to accurate
dimensions with greater ease than the original material.

The design of ceratherm pumps will be understood from
Fig. 2. The acid-proof material forming the body of the

I'lV-

FIG. 2. CERATHERM PUMPS FOR CORROSIVE LIQUIDS

pump is very thick and. strong and is cemented into an
iron casing. It is so arranged that it is only subjected by the

bolts to crushing stress. The gland through which the

plunger passes is usually on the suction side, so that it is

relieved from pressure and a stuffing box is packed with a

small quantity of wool usually soaked in paraffin wax.
The pumps are built mainly in small sizes to lift, say,

from 20 to 100 gallons per minute against a head up to 120

pounds, although pumps have been built for a head of 300
pounds and larger sizes have been made.

—

Engineering, Vol.

110, No. 2851, Aug. 20, 1920, pp. 253-254.

22,000-R. P. M. SINGLE-STAGE TURBO-BLOWER
In 1916 the Westinghouse Machine Company built a small

blower designed to run at 43,000 r.p.xn. which actually ran

at speeds as high as 60,000 r.p.m. In one of the tests the

rotor of this blower was damaged, and there is no information

available whether it was ever actually placed on the market.

It has proved, however, that blowers running at these

terrific speeds are fully practicable.

In this connection the unit recently built by the Rateau,

Battu, Smoot Co. of New York City and described in Power
is of particular interest. The unit was built for a South

American mining concern and before shipment was operated

at 26,000 r.p.m. for test purposes, but is intended for normal
operation at 22,000 r.p.m. It is a single-stage turbo-blower

which when operating at its normal speed will compress

3000 cu. ft. of free air per min. to 15 lb. per sq. in. Fig. 3

shows the complete unit assembly, with the turbine at the left.

In the turbine the rotor has three wheels whidh are

machined as an integral part of the shaft which is made of

nickel-chrome-magnesium steel, heat-treated, forging, the radial

blades being machined as an integral part of the shaft. Fig.

4 shows the rotor removed from the bearing and resting on
the lower half of the casing. The 6-in. rule standing vertically

on the right-hand end of the casing gives an idea of the size

of the rotor which weighs only 138 lb., of which 100 lb. is

the turbine rotor and only 38 lb. in the blower rotor.

The rotor had to be made to a single piece in order to give it

the maximum rigidity. It is so designed that at all points

the stresses are far below the elastic limit of the metal. In

machinery running at the high speeds employed in this case

(at 26,000 r.p.m. the top speed of the blower rotor is 1,400 ft.

per sec, or greater than the velocity- of sound) centrifugal

forces become of extreme importance.

Fig. 5 gives some data as to the normal performance of

the turbine and blower as shown by the elaborate tests made
before shipment. An interesting feature of the operation is

that at full speed and over the machine operated without

the slightest vibration. The results of these tests also show
that two machines of this type working in series can be made

iOtiO 2000 5000 4000 5000
Cubic Feet per Minute at Blower Inlet

6000

FIG. 5. PERFORMANCE CURVES OF TURBO-BLOWER

to compres air to 100 lb. pressure in small units, and three

machines in series would give a compression as high or higher

than 100 lb. per large size machine.

—

Power, Vol. 32, No. 9, Aug.

31, 1920, pp. 327-328.

LONG-TIME TESTS OF PORTLAND CEMENT, HYDRAULIC
LIME AND VOLCANIC ASHES

Data of two series of tests covering a period of more than

20 years. Some of the cements used in the tests of the first

FIG. 3. A 2:>,uuU R.I'.M. SINGLE-STAGE TURBO-BLOWER FIG. 4. THE ROTOR REMOVED FROM THE BEARING
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series were manufactured by the old process of burning in so-

called bottled kilns, while those in the second series were
produced in modern rotary kilns. Another series of tests is

proposed to be extended over 100 years.

The following are some of the conclusions arrived at:

In sea water neat cement briquettes attained maximum
strength in the course of less than a year, after which they

rapidly declined, in some cases completely losing their tensile

strength in four or Ave years. The author ascribes this pe-

culiarity to excessive crystallization which makes the struc-

ture highly brittle. While losing their tensile strength almost

entirely these briquettes retain their form and also show con-

siderable amounts of compressive strength, which latter, in

fact, possibly even increases, while the tensile strength de-

creases.

Cement sand mortar mixtures in the proportion of one part of

the former to two parts of the latter in air and sea water

show progressive increase of strength with age, the air curves

running much higher than sea water ones. The mean results

apparently follow more or less closely hyperbolic curves (for

which equations are given in the original paper) which would

place the eventually attainable tensile strength of such mortar

in air and sea water at 85 and 50 kg. per sq. cm. (1,209 and

711 lb. per sq. in.), respectively.

Tests were also made to determine the influence of the kind

of sand used for mortars and it was found that while standard

and coarse sands produced practically equal strength, fine sand

was found to be decidedly inferior in air, fresh water and sea

water both in tension and in compression.

As regards the strength of mortars in sea water, it was
found that the lower the proportion of sand in the mortar

the stronger the latter will be.

The results have, however, also suggested the possibility that

in mortars to be used In sea water an excess of cement is to

be avoided as much as a deficiency. A proportion richer than

1 + 1 is too costly and one lower than 1 + 3 may have voids

;

the proportion of 1 + 2, on the other hand, has little more

cement than is sufficient to fill up all the interstices in the

sand.

Tests on the effect of curing in fresh water on the strength

of mortars kept in sea water have not indicated any definite

and material improvement due to curing.

An interesting series of tests were made on the use of vol-

canic ashes in cements, the ashes used being of Japanese origin

exclusively. In air tests it was found that the greater the

amount of ashes used the lower the strength of the briquettes

and none of the ash-content mortars had a strength equal to

that of the straight cement ones. On the other hand, in sea

water tests the superiority was decidedly on the side of the

ash-cement mortars which are, however, weaker than straight

cement mortars in compression.

The action of volcanic ashes when used in a cement mortar
appears to be twofold, viz., mechanical and chemical. Mechan-
ically, the ashes increase the density of the mixes making the

latter more or less impermeable to sea water ; chemically, the

combination of silica with free lime in cement, which makes
the latter unassailable by the sulphates contained in sea water,

seems to be the most important action. The activity of silica

contained in ashes naturally depends on the state in which it

is present ; and while there is no doubt that the soluble portion

is the most active agent, the total amount of silica should

also be taken into consideration. Thus, the Otaru ashes which,

according to the analysis contain the least amount of soluble

silica of the three, but the largest amount of the insoluble one
(on an average of 61 per cent in the Otaru ashes, 47 per cent

in the Yoichi, 34 per cent in the Goto) produced higher

strength than either of the other two ashes. That a portion

of insoluble silica enters into combination to form soluble

compounds in course of time is shown by the several analyses

made of (Otaru) ash-cement mortar block kept in sea water,

the results of which are given in the following table:

Time of analysis

Before induration

2 mos.

7 "

14 "

38 "

Silica (total 100)

Soluble Insoluble

43.75 56.27

46.28 53.72

47.29 52.71

50.08 49.92

53.95 46.05

The value of volcanic ashes, as an ingredient in a cement mor-

tar is possible of direct determination by testing the com-

bining power of the ashes with lime.—By I. Hiroi, Journal of

the College of Engineering, Tokyo Imperial University, Vol.

10, No. 7, 1920, pp. 155-172.

Progress in the Field of Electricity

Summaries and Excerpts from Current Periodicals

By A. Slobod

THE ELECTRICAL INDUSTRY IN RUSSIA DURING THE
PAST FIVE YEARS

During the period immediately preceding the World War

the electrical industry in Russia made considerable progress.

However, it never attained an independent position but was

controlled and led by the large German concerns. The latter

either had their own factories or were otherwise adequately

represented. The factories were unable to meet the demand,

and much of indispensable machinery and supplies were im-

ported from Germany. The competition of other countries

was ineffective, even when non-German financial interests ac-

quired concessions for building electric plants or railroads,

they were compelled to have German firms participate in the

construction; hence the total non-German import of electrical

machinery and supplies into Russia was comparatively in-

significant.

When the war broke out all business relations with Germany

were naturally severed. The Russian firms then sent repre-

sentatives to all countries in order to secure substitute ship-

ments. At the beginning these were not difficult to obtain

;

soon, however, the available stocks were exhausted. Addi-

tional trouble was caused hy the wide adoption in Russia of

the standards of the Society of German Engineers, standards

different from those of other countries. Sweden and Denmark
being Russia's nearest neighbors, were confronted by the

heaviest demand ; they inaugurated the business of transport-

ing goods from the enemy's country, via neutral States, into

Russia so that during the actual period of the war German ma-
terial was obtainable in Russia in largest quantities. However,

as Germany began to put up high custom duties and to sub-

stitute iron for copper, the Scandinavian countries started up
a number of new enterprises and enlarged their old plants.

With the exception of a few known Swedish and Danish con-

cerns, like the Allmanna Svenska, for example, these concerns

were manufacturing a poor grade of goods.

Thus, Sweden, Denmark and also Holland could not control

the Russian electrical market. Japan could make no headway

due to inferiority of her material and had concentrated her

efforts on the delivery of incandescent lamps (about 25 per

cent of the total import of Russia) which proved quite satis-
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factory. Even the change in 1917 of the Russian standards
which, it was thought, would facilitate the sale of Japanese
electrical equipment, did not increase their imports into Rus-
sia. Of the other countries, France contributed instruments
of precision and special machines, while Switzerland sold

meters and some machinery, especially turbines which, in

some instances, took two years to deliver.

It was soon realized that the United States would become
the only real source of electrical supplies. Consequently, the
Russian A. E. G. turned to the General Electric Company of
Schenectady, the Russian Siemens-Schuckert Works to the
Siemens Brothers and the Dynamo Company to the Westing-
house Company. As it was assumed that the war would be
of short duration and as it was thought possible to re-establish
later the old relation with Germany, the transactions with the
new English and American connections were considered of tem-
porary nature. The first shipments of any importance from
England and America arrived at the end of 1916; a very
lively demand then followed resulting in orders which at the
end of 1917 amounted to about 25-30 million rubles. On ac-

count of the revolution only a part of these orders was filled.

Up to the time of the blockade only 20-30 per cent of the ma-
chinery ordered may have reached the interior of Russia and
probably a still smaller percentage was put in operation.

However, the English and American material proved of a

superior quality, the machines were of adequate capacities

and the meters and the various apparatus of substantial con-

struction. Consequently they were considerably more ex-

pensive than the German products. It must be also observed
that only the largest firms made any important shipments to

Russia so that no very intimate connection was established

between the Russian and the foreign business houses.

In spite of very unfavorable conditions Russia also made a
great effort to enlarge her own plants and build new ones.

In order to avoid possible capture by the Germans, one
of the largest plants, the A. E. G. (formerly union) of Riga
was transferred to Kharkov; this involved the moving of

thousands of tons of raw material and machinery and of

thousands of employes. A new large plant was erected at

Kharkov which compares favorably with any similar plant

abroad. It is equipped for the manufacture of the largest

machinery. Situated in this important industrial center, these

works will probably become of greatest value in the future.

The factories of the Volta Company at Reval were also

removed. The Siemens and Halske and the Siemens-Schuckert
Works enlarged their plants and built new plants ; the Dynamo
Company did likewise. The Allmanna Svenska also built a
factory in Russia. A number of smaller ones that sprung up
did not amount to much probably on account of lack of

material and of technical help. A number of lamp factories

were also built; of these only two reached an output of 0.5

million lamps a year. These were all independent firms and
could not stand any formidable competition.

It might be of interest to know something about the situa-

tion of the electro-technical industry under the Soviet regime.

The electrical concerns, as all others, are nationalized. An
Electro-technical section is established in Moscow as part of

the Higher Council. Its manager is the former head of the

Electro-technical section of the War Industry Committee.

The former companies are acting as sub-sections, and their

board of directors are only partly composed of their old di-

rectors and, to a larger extent, of directors appointed by officials

and the employes. The boards of directors are considered as

group leaders. The budget of each group is planned for some
months ahead by their leaders and then submitted to and

approved by the Electro-technical Section of the Higher Coun-

cil. The firms operate at the expense of the State Bank
which places enormous sums at their disposal. There is a

similar Electro-technical Section in Petrograd ; besides there is

the Higher Electro-technical Council which deals with matters

of a more general nature, as with drawing up of projects, ques-

tions of standardization, etc. Fortunately, there have been
no victims of the revolution among the leading personalities in
the electrical industry. They have chosen to remain on their
posts in spite of hunger and all kinds of hardships. Thus,
they have saved the organization which is important for a
coming reconstruction.

It is needless to point out that the Soviet organization has
no favorable influence upon the working efficiency of the plants,
yet one important favorable result of the elimination of com-
petition must be mentioned. As it is well known, the Russian
engineers and technical manager were always inclined to
pay a good deal more of attention to theoretical points than
practically necessary. They wanted the seller to deliver not
the accepted standard of machinery and efficient apparatus,
but they expected him to adapt himself completely to the
buyer's taste, very often to the detriment of the latter. By
being too compliant in this regard the former German firms in

Russia quite spoiled the market. This has now been remedied.
Standard types only are hereafter to be constructed, and no
exceptions to be allowed. It is true that the English and
American manufacturers had already during the war time in-

fluenced the Russian market in that direction.

As to the future it may be said with certainty that all

electrical concerns of the allied as well as of the former enemy
countries, will hardly be able to meet the Russian demand for

electric machinery and supplies during the coming ten years.

Remembering further the shortage in raw material all over the

world, the flooding of the Russian market by any one party

is hardly to be feared. It should be further remembered that

the German language is extensively spread in Russia while

the English has been known only since the war time. As there

will be no time to waste when the work begins the Germans
ought to be in the most favorable position as they will be able

to understand and make themselves understood by the Russian

officals.—N. O. Lifschitz. Elektrotechndsche Zeitschrift, May
20, 1920, pp. 393-95.

FLYING FERRIES
An interesting application of electric motors is described

under the above heading in Engineering Progress, April, 1920.

The Oste, a left bank tributary to the Elbe, carries a lively

ship traffic, even of seagoing vessels. At the same time,

however, a busy land traffic exists from bank to bank. The
old ferry proved quite inadequate as it could not be used in

stormy weather and at flood tide. On the other hand the

scheme to replace the old ferry by a permanent bridge which

could be opened so as to allow the vessels to pass had to be

abandoned on account of the enormous expense involved. The
Maschinenfabrik Augsburg Niirnberg met these difficulties by

designing a flying ferry, the construction of which is very

little known, but which may be very valuable to meet similar

conditions elsewhere. The ferry was designed to accommo-

date two horse trolleys and about 25 passengers. The span

of the bridge had to be such that there was at least a clear

space of 100 feet of water way between the bridge pillars and

it had also to be 70 feet high in order to allow a full rigged

sea-going vessel to pass underneath at the highest flood tide.

The gage of the track of the ferry trolley is 30 feet, the

wheel base of the trolley 26 feet, the useful space of the

ferry platform 46 x 11% feet. The structural steel frame

work from which the ferry platform is suspended is only 26

feet wide and therefore the two ends of the platform are built

overhanging on both sides. The platform and the trolley on the

bridge are connected together by rigid structural steel girders

in order to prevent a swaying of the platform under a strong

breeze. The trolley on the bridge is provided with four wheels

contained in a strong plate girder frame. The wheels are

driven by two electric motors which receive a supply of cur-

rent from a trolley wire of silicon bronze. The power is

transmitted to the driving wheels by means of a worm gear

and pinion. Both motors are coupled together by means of
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bevel gears mounted on a common shaft, in order to insure

uniform working. The motors are controlled by means of a

series-parallel controller mounted on the platform. The
ends of the track on the bridge runaway are bent upward.
A short distance from the ends of the track two limit switches

for interrupting the current have been provided, these limit

switches being operated by means of control levers mounted
upon the trolley. Two compressed air buffers mounted upon
brackets to the support of the rails prevent a runaway or the

trolley overrunning the track.

The current necessary to operate the flying ferry is gener-

ated In a small power station by means of two petrol

motors of 10 hp. each. This output is sufficient for moving
the fully loaded platform at a speed of 1.6 feet per second.

The time required for one trip (260 feet) is roughly three

minutes. The weight of the ferry, including trolley and driving

mechanism, is 34 tons. The total cost of the ferry amounts to

180,000 marks as against 420,000 marks which a suitable

draw bridge to meet the same conditions would have cost.

PORCELAIN INSULATORS
An interesting article on "Porcelain Insulators" appears in

Revue Ge'ne'rale de VElectricite for May 22, 1920.

This article is a report to the French "Union of Electric

Concerns," submitted by the chairman of a sub-committee,

Prof. O. Boudouard, and gives the results of his original

chemical researches on porcelain.

A number of insulators of modern manufacture were sub-

mitted to Professor Boudouard by various French operating

companies. With each sample information was furnished by
the interested company with regard to origin of the insulator,

their methods of using it as well as their own observations on

the same. All this data is carefully tabulated by the author

in Table I. In Table II a detailed chemical analysis is given,

the samples being grouped according to their origin, i.e., Ger-

man manufacture, American manufacture and French manu-
facture, while in Table III all the samples are arranged in

accordance with their chemical composition, regardless of

make. The fracture surfaces of all the analyzed samples were

carefully examined and the results tabulated.

Another table contains a summary of all the observations

made by the various electric operating companies in regard to

the causes of accidents resulting in breakage of insulators and

in regard to the meteorological conditions of the various lo-

calities where they were used.

Conclusions : An examination of the analytical results dis-

closes a considerable variation in the chemical composition of

the various kinds of porcelain. For instance, the author draws

our attention to the fact established by his tables, that Si02

varies from 63.31 per cent to 74.49 per cent or A12 3 varies

from 20.45 per cent to 29.75 per cent. He also points out that

the chemical composition of porcelain produced in the same

factory also varies to a marked degree. We quote the follow-

ing discussions of molecular formulas:

"Watts indicated the following molecular formula as being

the most suitable for the manufacture of electrotechnical porce-

lain, viz.

:

0.25 RO X AL03 X4 Si0 2

or RO X 4 A12 3 X 16 Si0 2

If the porcelains analyzed are grouped according to their mo-

lecular formulas, three series of products are obtained, each

corresponding to one of the following formulas

:

Si0 2RO X 3. 5 A1 2 3 X 15-7 Si02

ROX 3.83 A1 2 3 X 9-62 Si0 2

A12 3

SiQ 2

AL03

= 4.5

= 5.5

RO
| (K°- Na) 2 \ X 2.47 A12 3 X 9.62 Si02 jg- =3.89

"I have composed synthetic porcelain in the laboratory in-

accordance with those compositions in order to study their

comparative structure. ... It should be stated here that some

of the German porcelains, the American porcelains and many
of the French porcelains belong exclusively to the first groups,

thus approaching the Watts formula."

Referring to the table giving the service records (as fur-

nished by the power companies) of the samples analyzed, Pro-

fessor Boudouard points out that those that failed are either

very rich in silicon or in calcium. They also showed mechan-
ical defects in molding.

"Hence it is safe to say that the chemical composition and
the molding of the porcelain constitute important factors

which should be considered when the service quality of the

insulator is to be estimated."

50,000 KW. THREE-PHASE TURBO-GENERATOR
A unit of the above size has been constructed by the Allge-

meine Elektricitats Gesellschaft of Berlin and erected at the

Rhenisch-Westphalian Power Station, Essen, Germany.
Current is generated at a pressure of 7,000 volts when run-

ning at a speed of 1,000 r.p.m., the exciter being furnished with
current at 220 volts. Steam is supplied at a pressure of 170

lbs. superheated to 325°C. (617°F.). The cooling water for

the condenser is 81°F. The whole of the 75,000 hp. required

is produced in a single turbine chamber which weighs 201

tons, with a rotor weighing 49 tons, thus making a total of

250 tons for the complete turbine. The weight of the dynamo
is 225 tons of which the rotor accounts for 106 tons. Special

trucks were constructed to convey the machinery from Berlin

to Essen. The turbine is equipped with two surface conden-

sers each having 32,300 sq. ft. of cooling surface and weighing

100 tons. They are connected through two 98%-in. dia. ex-

haust pipes. The turbine rotor varies between 11 ft. 1% in.

and 12 ft. 5% in. in diam. while the dynamo rotor is 7 ft.

2% in. in diam., corresponding to a circumferential velocity

of 590.56. 721.80 and 377.30 ft. per second respectively. The
latter rotor is 29 ft. 6 in. long and consists of a number of

plates mounted on the shaft. Special precautions were taken to

ensure perfect balancing of the rotors which were tested in the

workshops up to a speed of 1,500 r.p.m. and the separate

plates up to 2,000 and 2,400 r.p.m. The main bearings of the

turbine shaft are 23% in. in diam.., giving a normal circum-

ferential velocity of the latter of 105 ft. per second. A speed

of 154 ft. per second was reached during special centrifugal

tests which were conducted at great expense to ascertain

whether damage would result to the bearings.

The plant was built during the war, and great difficulties

were caused through lack of standard materials, such as nickel,

copper and tin. Substitutes were used, but the machinery has,

nevertheless, given complete satisfaction during the time it

has been at work.—Gustav W. Meyer, Technische Rundschau,

April 15, 1920. Technical Review , September 14, 1920.

POWER FACTOR
Power factor has been the subject of considerable discussion

in recent years. In recognition of the importance of this sub-

ject, the Standards Committee of the American Institute of

Electrical Engineers and the Technical Section of the National

Electric Light Association have recently formed a "Joint

Committee on Determination of Power Factor in Polyphase

Circuits" (see Journal of the A.I.E.E., June, 1920). It is

pointed out that no agreement has yet been reached upon a

definition of the term (power factor) as applied to polyphase

circuits, nor even upon the underlying purpose which a defini-

tion should serve to express. With approximately balanced

polyphase loads, such as we had up to recent years, no re-

finement in the definition of power factor is needed. At present

however there is an ever increasing number of important in-

dustrial power loads, which produce unbalanced conditions.

The increasing commercial importance of this character of

load and the growing tendency toward such refinements in

power contracts and rates as will reflect accurately the various

elements entering into cost of service, have combined to render
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this power factor problem a matter of immediate and urgent

practical importance.

In its report the committee has arrived at two definitions

covering two different forms of power factor. The definitions

are as follows

:

Definition 1—"Power factor in a polyphase circuit is the

ratio of the total watts to the (arithmetical) sum of the volt-

amperes in the several phases, each measured to a non-inductive

neutral point. This definition may be otherwise expressed as

the weighted mean of the individual power factor in the phases

(weighted according to the volt-amperes in each phase").

Definition 2—"Power factor in a polyphase circuit is the

ratio of the total watts to the vector sum of the volt-amperes

in the several phases."

These two definitions are further discussed from the point

of view of the supply company ("Polphase Power Factor" by
H. L. Willan.

Definition 1 being mathematically accurate should be adapted

to single phase or to balanced polyphase circuits, while defini-

tion 2 has a broad field of usefulness when applied to unbal-

anced circuits. The central station industry today is com-

pelled to take on single-phase loads of considerable magni-

tude. These loads consist of welders of very poor power factor

(20 to 40 per cent), single phase arc furnaces of poor power
factor (35 to 70 per cent), together with inductive and non-

inductive loads of other kinds. The results of these unbalanced

loads are reduced effective capacity of three-phase circuits,

and increased heating in cables, and if the out-of-balance be-

comes of sufficient magnitude generator troubles will result.

Increased costs of supply result therefrom. This added cost

must either be proportional over all consumers alike, or some
means must be found to penalize the consumers causing the

added burden. This means would be provided by a power
factor clause. If, however, a strictly technical definition is

adopted (definition 2) it would take no account of the effect

of unbalanced currents yielding as it does a higher power factor

than that obtained by the proposed commercial definition 1.

Definition 1 takes into account the maximum wattage ob-

tainable based on existing currents and voltages, and the

ratio of this quantity to the actual watts measured is the power
factor. This definition, the author believes, should be stand-

ardized for commercial work. Furthermore, he believes we
must determine a suitable, reliable, inexpensive and uniform

method of measuring power factor. To date neither definitions

nor methods are standard with us and there is a real need

for both.

The mutual relations of a number of possible definitions of

power factor and their relative merits for specific types of

circuits are discussed by Francis B. Silsbee, Associate Physicist,

U. S. Bureau of Standards in a paper entitled "Power Factor

in Polyphase Systems." Power factor has two distinct appli-

cations, for economic and technical purposes respectively and

the selection of the single property which any one definition

of power factor can determine must be considered from two
distinct points of view. The economic importance arises from

the fact that it is more expensive to supply a given power to

an actual load in which the currents are not in phase with the

voltages or in which the currents in the several phases are

not equal in magnitude, than it is to supply a standard load

in which some or all of these adverse conditions are absent.

In this connection two items of cost must be distinguished

:

(1) The fixed charges on the additional generator and line

capacity required to supply the actual low power factor load

and (2) the cost of the additional power lost in the generating

circuits. The ratio of the actual power to the power which

might be supplied to a standard load either by the same gen-

erator capacity or with the same power loss may be taken as

the logical economic definition of power factor.

There are three distinct types of standard load: (A) a bal-

anced load in which both the currents and the voltages are

symmetrical and in phase; (B) a load in which the currents

have the same magnitude as in the actual load but in which

the current system as a whole has been shifted in phase

with respect to the voltage system, so as to make the total

power a maximum ; and ( C ) a load in which each current has

the same magnitude as in the actual load that has been in-

dividually shifted into phase with its corresponding voltage.

For a standard load of type (A) and a symmetrical polyphase

generator the most logical power factor is the ratio of the

watts to the effective volt amperes. For a standard load of

type (B) the "vector power factor" definition (Definition 2 of

the special joint committee) and for a standard load of type

(C) the "arithmetical power factor" (Definition 1) are most

logical.

For technical purposes it is highly desirable to separate

the effects of phase displacement, unbalanced and wave form,

since the causes and remedies for each are quite distinct.

This can readily be accomplished be defining one or more

additional quantities so that one quantity (such as "vector

power factor") indicates the phase displacement as distinct

from unbalance: and a second quantity (such as balance

factor) shows the symmetry of the loading as distinct from

any general phase shift. The first quantity thus shows the

extent to which conditions might be improved by the installa-

tion of synchronous condensers, while the second indicates the

possible gain from phase converters or by rearrangement of

the load.

SYSTEMS OF ELECTRIC TRACTION ON MAIN LINES
F. Niethammee gives in Elektrotechnik und Maschinenbau

his observations of the various Swiss railways. As a result

of his inspection he considers the following systems to be

suitable for general use: (1) Polyphase current with a

trolley voltage of 3,000 to 6,000 and a periodicity of 50; this

requires gearing in the ratio of 1 to 3 between the motor and

the driving axle ; the double trolley wire is perhaps an ob-

jection ; squirrel-cage motors with variable poles are suitable.

This system requires substations along the track with trans-

formers. (2) The single-phase system with phase-splitting de-

vices. Single-phase current at 15,000 volts with a periodicity

of 50 is conveyed to the train which carries a rotating phase-

splitter delivering current to a synchronous polyphase motors,

preferably of the squirrel-cage type, combined with variable

poles and gearing; single-phase transformers are distributed

along the line. (3) High-tension direct current at 3,000 to

5,000 volts, supplied from rotary converters along the line, or

from motor-generators. This is probably more expensive than

the other systems both in initial cost and in working expenses

;

however, in this case it is easier to allow for short overdrafts

of current, and accumulators could be used so that the same
generators could be used to supply the traction load as well

as the general outside load, whereas on (1) and (2) separate

generators would be needed for the railway, owing to the

instability of the load and the impossibility of dealing with

sudden rushes of current. There is no reasonable possibility

of converting the ordinary polyphase current of 50 cycles into

similar current of 16 2/3 cycles; if the polyphase current is

to be converted at all, it should be changed into direct current,

and it is quite likely that this will be possible on a large

scale in no distant time by means of mercury vapor convert-

ers, which are already applied to this purpose on an industrial

scale.

On the whole, the eventual tendency will be in the direction

of high tension direct current produced by some kind of con-

verting device from high tension polyphase current; there is

also the possibility that accumulator traction may to some
extent meet the case, and of this there are signs in America

where traction of this character seems to be successful in the

shape of certain types of motor car;, however, this will de-

pend on the adaptability and future developments of the ac-

cumulator.

—

Elektrotechnik und Maschinenbau, Vol. 37, pp.

509-12; Science Abstracts, Section B, March, 1920, Vol. 23, pp.

157-58.
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POTASH DEPOSITS OF ALSACE
By Hoyt S. Gale

When potash was discovered in Alsace, in 1904, the monop-
oly of the potash industry held by the owners of the great
deposits in north central Germany since 1860 was broken. The
new field, although less extensive, was soon recognized as
having several important advantages over the older. The
Alsatian deposits underlie a large area in exceedingly regular

beds, and the salts are, on the average, remarkably rich in

potash. The deposits consist of a simple mixture of potas-

sium and sodium chlorides, known as sylvite, with very little

other soluble material. This mixture requires only the sim-

plest chemical treatment to purify it into the higher grades

of potash salts.

It has seemed a coincidence that the only really large de-

posits of soluble potash salts that have been developed should

have been opened within the domain of a single empire. The
return of Alsace to France divides the monopoly and general

interest in the details of the Alsatian field and its prospects

for the future has increased.

Many excellent descriptions of the geology and the conditions

of the Alsatian potash deposits have been published. Most
of these are written in either French or German and from the

viewpoint of those having a special local interest. The writer

visited all the properties accessible during the spring of 1919

and is able to give not only an abstract of what has already

been published but some original account of recent develop-

ments.

Estimates of the reserve supply of potash in the potash

field of Alsace . have been frequently quoted ; these are based

on substantially the same data and course of deduction and
are in essential agreement. The average thickness of the

whole bed is 3.507 m. The upper bed contains no shale part-

ings and the available measurements give an average thick-

ness of 1.164 m. The cubic content of both beds is figured

as 700,980,000 cu. m. potash salts, which at a specific gravity of

2.1 is equivalent to 1,472,058,000 metric tons. The usual as-

sumption of the average potash content for the field at 22 per

cent K2 would give, in round numbers, somewhat more than

300,000,000 tons of pure potash, as the estimated reserve in the

ground. This would provide the world's need, at the normal
rate of consumption before the war, for about 275 years.

A study of the results of operation shows that the quality

of the raw salts produced in mining operations does not run
as high as the figures on which the total tonnage estimates are

based. Very probably the higher figures are correct, as indi-

cated by the analyses of carefully cut and preserved samples.

In ordinary mining operation, however, much dirt is included

and the crude material as taken from the mines, including both

ordinary and hand-sorted grades, probably does not contain

over 18 per cent of potash, K 20. The accidentally included

dirt need not diminish the estimated total resources of the

field, but it does affect the practical interpretation to be
given to figures quoted as showing the average quality of the

deposit as represented by its average output.

The appearance of the potash salts in place is striking. The
high walls of sparkling crystalline salts are banded in approxi-

mately horizontal stripes of red and white, more or less

wavy, giving the impression of a portion of an immense flag.

On clean mine faces, the colors are beautifully clear ; some of

the bands are a deep rusty or brick red ; others are deli-

cately pink. There is also much white and gray granular

material. The belief that the red and some of the pink salts

are directly associated with the richer potash portions of the

bed is so generally expressed throughout the field that it must

have some foundation in fact although perfectly white or

transparent crystals of almost pure potassium chloride have

been found. A close examination, though, shows that the

coarse crystals, both red and white, are intermixed and it is

not usually possible to trace a distinct boundary between them

but, in general aspect, the banding is very distinct.—From
Bull. 715 B, U. S. Geol. Survey.

STEEL CHIMNEYS AND THEIR LININGS IN COPPER
SMELTING PLANTS
By A. G. McGregor

Some of the chimneys in the copper smelting plants of the

Southwest that have been installed for twenty years show no

deterioration, while others show serious deterioration after

four years.

A steel stack 20 ft. 7% in. in diameter by 279 ft. high, used

for roaster gases only, in the Calumet & Arizona Mining Co.'s

plant at Douglas, Ariz., was lined to the top of the bell with

common brick, lime and cement motar being used. Above the

bell the stack was lined with building tile. The chimney was

put into use the latter part of 1913 but four years later consid-

erable of the tile lining had fallen out of place. Two years

later, several holes, a square foot and smaller in area, appeared

in the steel shell and soon afterwards the chimney was shut

down for repairs. When tile is exposed to the deleterious

action of the gases, its thin walls gradually disintegrate and

finally fail. Brick is more satisfactory for the walls of flues

and dust chambers than tile.

At the same plant a steel chimney 25 ft. 9% in. in diameter

by 305 ft. high lined with hollow building tile, the same as

the preceding, has been in use since June, 1913, for blast and

reverberatory furnace gases. The lining is still in place and

there is no noticeable deterioration of any part of the structure.

At Cananea a steel chimney 19 ft. 9 in. in diameter by 170

ft. high, lined with common brick, was put into service in 1903.

It is used for the blast furnaces and so far there is no apparent

deterioration.

At the Calumet & Arizona plant at Douglas, a steel chimney

15 ft. diameter by 200 ft. high, unlined since it was erected

at the original plant in 1906, serves as the converter-depart-

ment chimney and apparently is still in as good condition as

when new.

At the International Smelting Company's plant, at Miami,

an unlined steel stack 15 ft. diameter by 200 ft. high is used

for discharging the gases from the converter department.

Though in service since May, 1915, except for the period of a

strike of six weeks' duratior during the rainy season it shows

no signs of deterioration.

At Morenci, Ariz., the Detroit Copper Co. put an unlined

steel stack, 13 ft. in diameter by 165 ft. high, into operation

in September, 1899, to discharge gases from copper blast fur-

naces and converters. It has been cold during several periods

on account of strikes, but at present is in good condition,

except the upper 12 ft., where it has commenced to deteriorate

since the plant was shut down eight months ago.

At the Copper Queen smelting works in Douglas, an unlined

steel chimney 25 ft. in diameter by 260 ft. high was put into

service in June, 1904, for blast furnace and converter gases.

The chimney has an inside coating of caked flue dust about

2% in. thick but the steel is its original thickness. The chim-

ney has not been cold since 1906.

At the Old Dominion smelting plant in Globe, an unlined

283
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steel stack 14 ft. in diameter by 200 ft. high has been in use

since August, 1904, for blast furnace and converter gases.

The plant has been shut down several times, once six weeks

during the rainy season, but the stack shows no signs of

deterioration.

At the International Smelting Company's plant at Miami,

Ariz., a steel chimney 22 ft. in diameter by 300 ft. high is

used for reverberatory furnaces gases only. The lining in the

bell of the chimney is of common red brick, above the bell

common red building tile is used. The tile lining is 4 in.

thick. The chimney was put into use in May, 1915 ; in 191 7,

the plant was shut down, on account of a strike, for six weeks

during the rainy season. About a year afterwards certain

sheets had become distorted and investigation showed that the

steel sheets above the lining were seriously weakened from

corrosion. A temporary repair was made by reinforcing the

chimney for 75 ft. of its length with an outer steel shell.

Corrosion is continuing, and a new radial brick tile chimney is

being built to replace the steel chimney.

A steel chimney at the reverberatory furnace plant of the

Cananea Consolidated Copper Co.. 12 ft. in diameter by 171 ft.

high was put into service in 1902. The lower part of the

stack has deteriorated but little.

Based only on the examples cited, the following may be

said : Unlined steel chimneys have not given satisfactory

service when used for roaster furnaces or reverberatory fur-

naces but they have given satisfactory service for long periods

when used for blast furnace and converter gases.

Building tile has proved unsatisfactory for chimney linings

or for the construction of walls for flues and dust chambers

where exposed to roaster furnace gases or cool reverberatory

furnace gases.

These remarks apply for the ordinary conditions met with in

copper smelting plants, where waste heat boilers are used in

connection with reverberatory furnaces, and where no particu-

lar effort is made to maintain the gases at a high temperature

in the flues, dust chambers, stacks, etc.

COKE AND BY-PRODUCTS AS FUELS IN METALS
MELTING

By F. W. Speer, Jr.

The by-product coke oven is the most important artificial

source of fuels for metals melting. Its products are solid,

liquid, and gaseous. The amount of coke and primary by-

products obtained per ton of coal varies with the nature of the

coal. The following represents the results obtained in many

plants

:

Metallurgical coke (over % in.) 69 per cent of coal

Domestic coke (% to % in. ) 2 per cent of coal

Breeze (under %. in.) 4 per cent of coal

Surplus gas, cubic feet per net ton 6600

Gas for heating ovens, cubic feet per net ton .4400

Tar, gallons per net ton 9

Ammonium sulfate, pounds per net ton 25

Benzol, gallons per net ton 4

All of these products except ammonium sulfate have impor-

tant fuel value. Part or all of the metallurgical coke may be

crushed or screened to furnish additional domestic coke. If

producer gas is used, there will be a surplus of 11,000 cu. ft.

of coke-oven gas per net ton of coal.

The use of coke in the metallurgical industries has been re-

tarded by the mental attitude of writers who disregard the

dependence of coke quality on the conditions of its manufac-

ture. Terms like "by-product coke," "beehive coke," "48-hour

coke," and "72-hour coke" are only generally descriptive and

tell nothing of the coke quality.

One of the greatest achievements of modern by-product

coking has been to bring the most important elements of coke

quality largely under the control of the operator, so that

it is possible to produce coke conforming closely to certain

specifications. The basis for the specifications depends largely

on the needs of the customer, who should have a correct un-

derstanding of his own requirements. The results obtained

with by-product coke in the blast furnace are due, not only

to improvements in coke quality, but to a better understanding

of the requirements of the blast furnace and improvements in

blast furnace equipment and operation. It does not follow,

that the coke which will work best in a certain type of blast

furnace with a certain ore mixture is the one best suited for

metal melting. In the melting of non-ferrous metals, oxida-

tion and loss by volatilization are of prime importance ; coke

consumption is, to some extent, secondary, what would give

the best results in a brass-melting furnace would probably

differ from that considered to be the best for either the iron

foundry or the blast furnace.

The use of coke-oven tar as a metallurgical fuel has grown
steadily during the past few years. Its most important use

has been in the manufaciure of open-hearth steel, where it has

largely replaced or supplemented producer gas or fuel oil.

The modern by-products coke oven is not only adapted to the

manufacture of metallurgical coke, but is capable of furnish-

ing coal gas equal to that manufactured in the ordinary gas

retort. With properly selected coals, the modern by-product

coke plant will produce straight gas having a heating value

of 560 B.t.u. per cu. ft. after the removal of benzols. The
general advantages of high-grade gaseous fuels for metals

melting have been frequently discussed. No preheating, recu-

peration, or regeneration of the gas is necessary
;
preheating

would be disadvantageous in the case of coke-oven gas, which

readily undergoes decomposition when heated. The use of

coal gas results in greater ease of regulation, reduced loss of

metal, increased speed of heating, and longer life for the fur-

nace. The advantages appear to be greatest in comparison with

solid fuels; but there is also some advantage in each respect

over oil. All things considered, coke-oven gas is cheaper than

any other high-grade artificial gas, and as it is coal gas of

low specific gravity, it has a lower cost of distribution per

British thermal unit than all other artificial gases whether of

low or high grade.—Presented at the Columbus Meeting, Oct.

4-8, 1920.

DETERMINATION OF THE HARDNESS OF BLAST-
FURNACE COKE
By Owen R. Rice

It is the purpose of this paper to show what a great

hindrance to proper blast-furnace operation is soft coke ; that

there is no reasonable change in coke hardness that does not

show its effect on the furnace.

The best method for determining the hardness of coke is by

the use of a combination tumbler-ball mill.

Soft coke is due to a low hydrogen-oxygen ratio in the coal

charged ; increasing this ratio improves the hardness of the

resulting coke.

The shatter test, in one form or another, is now largely

employed ; it usually consists in dropping 2-in. coke four times

upon an iron plate from a 6-ft. elevation, and then screening

through certain sizes of mesh, the various sizes thus separated

being reported as percentages. Thus is obtained an index to

the condition of the coke by the time it reaches the furnace,

having undergone the four major stages of handling; viz.,

cars-to-bins, bins-to-larry, larry-to-skip, skip-to-bells. But the

shatter test does not predict the condition of the coke when

it reaches the tuyeres. Indeed there is frequent trouble if the

shatter test is depended on to determine hard or soft blast-

furnace coke.

In following Cochrane's lead, we have used a combination

tumbler-ball mill to determine the hardness of the coke fed

daily to three of our 500-ton furnaces, the bosh angles of

which are 76°, 76°, and 73%°, respectively. Thirty pounds

of dry 1-in. coke is tumbled for 1,250 revolutions (at 20 r.p.m.)

with eleven 1%-in. steel balls. The resulting fines are screened

out through y2 -in. mesh, and the remaining portion is weighed
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and reported as per cent of original. This quantity is termed

the coke hardness number.

It would be absurd to claim that hard coke alone is the

"pain-killer" for all blast-furnace maladies ; furnace operation

has fluctuated when the coke hardness did not but no reason-

able change in coke hardness will fail to show its effect on the

furnaces.

The furnacing quality of coke required is its resistance not

only to fragmentation but to abrasion ; this characteristic is

well indicated by the tumbler test. The use of steel balls in

the tumbler is advantageous, as in the furnace the coke is in

contact with masses of greater density than itself. The intro-

duction of hot C0 2 gas would add both interest and complexity

to further investigations.

Coke hardness has a marked effect on blast-furnace "health."

The furnace is more immediately sensitive to the kind of

hardness that resists wear and tear within the furnace, as

shown by the tumbler test, than to the kind of toughness that

resists rough handling without the furnace, as shown by the

shatter test. The tumbler test is therefore superior for daily

control. We recommend its adoption moreover on grounds

of simplicity, reduction to a great extent of the personal equa-

tion, and the saving of labor.

The shatter test is of value as a matter of record but does

not surpass the tumbler test in this respect.

Both tests for coke hardness show reliable coordination

with the hydrogen to oxygen ratio of the coal used ; the

higher this ratio, the harder the coke.

Correspondence
The editor is not responsible for statements made in the

correspondence column. Anonymous communications can-
not be considered, but the names of correspondents will

be withheld when so desired.

NEW LIFTING ELEMENT
To the Editor of the Scientific American Monthly :

Having performed hundreds of experiments during a period

of ten years with some two dozen working models of vertical

flying machines, including helicopters, I submit the accom-
panying mechanism which, I believe, embodies an aerody-

namic principle never before recognized or stated, and which
I have found to yield the largest lift per unit of power con-

sumed, and to lend itself to simple control for attaining any
•desired rising or falling speed as well as stationary or hov-
ering flight.

I present here only the lifting element as that constitutes

the crucial part of the problem. The skeleton diagram illus-

-trates the mechanism and my experimental apparatus as ar-

ranged for quantitative measurements.

In the diagram, BB are bicycle wheels with sensitive bear-

ings, mounted in firm supporting brackets and with tires re-

moved.

A rope runs over the rims, from one end of which is sus-

pended the mechanism, M, and from the other end a counter-

weight, W.
For the counterweight I use a receptacle filled with old type

-which is convenient for minutely increasing or decreasing the

-weight. This arrangement allows the mechanism to be op-

erated under all sorts of variable conditions and very accu-

rate measurements to be taken of its performance. I first

-drop type into the receptacle until the idle mechanism and
-the counterweight are exactly balanced. I then remove a
quantity of type known to be somewhat more than the mech-
anism can lift and place it in the scale pan. The machine is

now set in operation and type removed piece by piece from the

scale pan and dropped into the receptacle until the mechanism
rises. The weight of type remaining in the pan is the meas-
ure of the lift.

The lifting mechanism, M, comprises a pair of % electric

motors mounted end to end upon a platform, their grooved
pulley heads abutting with a thin clearance space between,
.and rotating in opposition. These drive a pair of 4-vane tan-

gential fans as indicated by the arrows. The fan pulleys are

placed midway of the axes and the vanes are parted in the

middle to give clearance space for the driving belts.

. For convenience of analysis I establish the fixed quadrants
•of reference, a, b, c, d.

Cooperating with the fans are cylindroidal collector or

;guide planes, PP, conforming, with close clearance, to the peri-

pheries of rotation throughout quadrants c and b, but grad-

ually falling away from the peripheries through quadrant a.

These planes are polished on their interiors and are so ad-

justed as to collect all the dispersed tangential streams gen-

erated by quadrant a, with an oblique or glancing blow so as

not to retard their velocity, and to turn them back upon them-

selves and downward through an angle of 180°. The streams

from quadrant b are turned downward through an angle of

90°. Those from quadrant c are by nature correctly directed

and are allowed to impinge upon the stationary outer air.

In order to utilize the normally useless streams from quad-

rant d, aeroplanes, AA, are mounted below the fans, and op-

erate in the blasts from quadrant d in precisely the same

manner as ordinary aeroplanes in a natural wind or in the

ctiL/n& 8tAn \^KA
U j—. w
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SKELETON DIAGRAM OF THE LIFTING MECHANISM

air streams generated by their motion through the air. By
these planes the streams from quadrant d are also turned

downward through an agle of 90°.

It is well known that the motive force imparted to a con-

cave receiver by an impinging stream depends upon the turn-

ing angle imposed upon the stream by the concave. When the

turning angle is 90°, such motive force is one unit for each

unit residing in the stream. If the turning angle is 180°, the

motive force imparted is two units for each single unit pos-

sessed by the stream. It will be seen from this that in re-

lation to quadrant a, the upper cylindroidal plant is virtually

an aerodynamic Pelton bucket, and consequently receives a

lift from quadrant a, which is double the, natural energy of

the stream.



286 SCIENTIFIC AMERICAN MONTHLY November, 1920

We may now analyze the lift by quadrants and express its

magnitude in units of energy generated naturally by the fans

when running in open air and uninfluenced by the planes:

Quadrant a, 2 units ;
Quadrant b, 1 unit ;

Quadrant c, 1 unit

;

Quadrant d, 1 unit.

Were the quadrants all independent, the sum of their quotas

would be a total equal to 5/4 the total natural energy of the

fans. Nor would there be anything anomalous in such a re-

sult. It is to be noted, however, that the lift of quadrant c

is due to reaction directly upon the vane instead of upon the

planes as in the case of the other quadrants. Therefore, the

lift of this quadrant is communicated to the mechanism

through upward pressure at the fan pivots. But the upward

impulse given to the stream by the vane of quadrant a pro-

duces a downward pressure at the pivots equal to the upward

pressure caused by the lift of quadrant c; consequently the

lift of quadrant c is at the expense of one of the two units con-

tributed by quadrant a.

Special proposition—The total energy of the fans is con-

verted into net lift, undiminished by any adverse or down-

ward reactions ; for, given a tangential fan rotating in a verti-

cal plane in open air, the forces take the form of an infinite

number of tangential force lines equally distributed all around

the circle of rotation, and an equal and opposite set of tan-

gential reactions about the fan pivots.

The algerbraic sum of each of these sets of forces is zero.

When the guide planes are applied, they translate the arith-

metical sum of all the circular forces about the fans into verti-

cal straight line forces, actions thrusting downward against

the air and reactions thrusting upward against the planes

;

while the tangential reactions about the fan pivots remain

algebraic zero. In other words, in the total mechanism the

fans are floating elements.

Since the tangential fan with flat or nearly flat vanes en-

gages the air with an incidence of 90°, it is the most power-

ful accelerator of air possible to a aerodynamic science. There-

fore the vertical turbine-aero propeller here outlined inherits

a like superior lifting power.

To convey some idea of how this mechanism would work

out in actual practice I append the following tentative speci-

fication with calculations for a small flying unit

:

In calculating the lift I have employed the hydraulic form-

2WAV 2

,

ula applicable to the Pelton bucket: P = —-— translated
G

into aerodynamic quantities, wherein

P = lift of quadrant a.

W = weight of unit volume of air.

A = area of a single vane.

V = peripheral velocity of acceleration.

G = gravity constant = 32.

Frames (wholly internal) light spurce trusses

Wing vanes and planes polished sheet duralumin

Lateral dimension 22 feet

Width of planes 8 feet
Height 12 feet
Diameter of fans io feet
Length of vane segments (two segments) 2% feet
Radial width of segments 2 feet
Total area of wing vanes 80 sq. feet

Total area of planes 340 sq. feet

R. P. M 120
Net weight 400 lbs.

Gross lifting capacity 720 lbs.

H. P. (for stationary or hovering suspension) 42
Engine speed constant
Rising, falling and poising controls independent of engine speed
Stability inherent
Maximum parachuting speed 20 ft. per sec.

Elvyn F. Bubrill.
Berkeley, Cal.

PHOTO-MICROGRAPHS OF PHONOGRAPH RECORDS
To the Editor of the Scientific American Monthly :

Reading the Literary Digest for July 24, I noted an article

in the Science and Invention Columns, reference being made to

an article in your publication, Scientific American, by Francis

F. Lucas.

In his article on microscopic study of phonograph records

(Scientific American Monthly, June, 1920, pp. 518 to 520)

Francis F. Lucas claims that no satisfactory results could

be obtained by illuminating the record from above. Thinning

down the record specimen must really be patient work if it is

like preparing geological specimens.

Let me draw your attention to the enclosed photographs

which I took quickly and with no difficulty whatsoever, illum-

inating from above by a method devised by myself more than

a year ago. By turning the mirror of the sub-stage of the

microscope any kind of illumination can be obtained. I am
sending the result of four characteristic illuminations, one

with equally diffused light, for detail and little contrast;

another from the side almost perfectly horizontal perpendic-

ular to the ridges and grooves ; a third in the line of the

triangles, and finally from above. Note how differently the

specimen appears and how its character may be studied and

how clearly the grit stands out. (The record was carefully

dusted with a camel-hair brush.)

Dayton, Ohio. William A. Beck.

COMETARY ORBITS

To the Editor of the Scientific American Monthly :

A short article by Professor Elis Stromgren, appearing in

the June number of the Scientific American Monthly under

the caption of "The Origin of Comets," leaves the reader

(Continued on page 288)

PHOTOMICROGRAPHS OF PHONOGRAPH RECORDS MADE WITH ILLUMINATION FROM ABOVE—36 DIAMETERS
1. (Beginning at the left) Diffused illumination, darker portions are the troughs. Note the grit at bottom and also side of ridge. 2.

Same specimen. Illumination along line of troughs ; beam almost horizontal, hence ridges not so strongly differentiated. 8. Beam perpedic-

ular to line of troughs. Note how ridges are differentiated and grit shines by reflected light. Beam almost horizontal. 4. Light more in-

clined, hence grit shines more brightly with consequent halation and less body to the pictare. Compare this with the first pictare.
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(Continued from page 286)

somewhat puzzled over the logical process by which is deduced

the conclusion that all comets belong to our solar system.

If a mass of matter equivalent to that of a comet were
moving in space say half-way between our sun and the nearest

fixed star, its motion would be uniform in speed and in a

straight line, because the attractive power of the two suns

at such a distance would be infinitesimal and would balance

each other. If our sun were fixed in space and the planets

non-existent, then, if the motion of the body happened to be

straight toward the sun, the pull of the sun would gradually

accelerate the motion of the body and it would move in an

undeviating straight line and ultimately fall into the mass of

the sun. If its orbit were directed to a point outside of the

sun, it would cease to be a straight line ; it would bend toward

the sun at an accelerating rate of curvature. But at the

same time its momentum would be increasing with its acceler-

ating speed. It would not fall into the sun, but would describe

a curve about it and take its way off into space again. If

its initial direction and speed happened to have a certain

relation the curve would be a parabola. In every other case it

would be a hyperbola.

But the sun is not fixed in space, and it is attended by

planets, each with its gravitational welcome to the wanderer.

As the sun moves the direction of its gravitational pull

changes, causing changes in the body's orbit. Each of the

planets, especially the major planets, exercises its influence,

strong or weak, accordingly as its orbital position happens to

be near or far when the body approaches. The resultant of all

these perturbational forces may change the orbits of the body

in infinite ways. They may change it into a longer or shorter

ellipse, a narrower or wider hyperbola.

Similarly with regard to losing a comet from our system.

It is true that such happening is improbable in the case of

the short time comets whose orbits lie within that of Jupiter.

But the long period comets which may happen some time to

get within the mighty pull of a near-by Jupiter or Saturn

may conceivably have almost any change impressed upon their

orbits, which may be altered into ellipses of greater or less

major axis, or into hyperbolas, accordingly as the planet at

the time happens to be within or without the orbit of the

comet.

All this, of course, is merely theoretical. But it has its

bearing upon Professor Stromgren's assertion that the comets

are all aboriginal members of our system. He adduces no

facts which are akin to proof. Take this assertion, which

is italicized in the article:

"If one follows for a sufficient length of time the different

comets in their passage towards the exterior one finds that

not a single hyperbola remains. The cometary orbits which

were hyperbolic in the internal portion of the solar system

acquired this hyperbolic form by reason of the perturbations

to which they were subjected by the planets."

If, owing to perturbations exercised upon a comet while

it is approaching the sun its orbit has become hyperbolic,

can any one conceive why such perturbations after it recedes

should be exclusively corrective, always bringing it back to

an enclosed orbit? Why might they not change its orbit into

a different hyperbola? It may be presumptuous to say it in

face of such an authority, but he goes unwarrantably far

in asserting that not a single hyperbola remains when the

path of a receding comet is followed for a sufficient length

of time, for the good reason that such has not been done for

all the long period comets,. To trace backward all the

perturbations to which a comet has been subjected for

thousands of years in order to prove that it has not been

made a prisoner from outer space, or to trace forward for

thousands of years the perturbations to which it will be

subjected in order to prove that its orbit can never become a

hyperbola, is a task beyond the power of present, and probably

of any future, analysis. The time and the opportunities of

astronomical observation have been too limited to justify

dogmatic assertions of the kind.

West Somerville, Mass. Robert M. Bailey.

THE EXPANDING EARTH
To the Editor of the Scientific American Monthly :

Your July issue contains an article by Hiram W. Hixon,
"Is the Earth Expanding or Contracting?" in which he gives

a new volcano theory. He correctly assumes that the matter
constantly thrown out by the craters, which did not find room
inside the earth's crust any more, points to expansion, not to

contraction, of the earth's volume—contrary to the belief now
ruling among geologists. The millions of cubic miles of

trachyte, tuff, basalt, lava, volcanic ashes, all of volcanic

origin, thrown out from the interior and deposited on the

original granite crust, represent expansion, though not of the

earth's mass, yet of its volume. Hixon is also right when
stating that the advent of the ocean's water (in the shape of

steam), to the white-hot core, cannot of itself bring about

sufficient force to raise a lava column up to the crater's

mouth and expel it. So he concludes the necessary force

must be located below the crust, inside the core; and on this

basis he arrives at a theory which is certainly novel—though,

unfortunately, not tenable.

He bases his theory on a well-known law, and says : "Ac-

cording to Graham's law of the diffusion of gases in a mixed
body of gases, each gas occupies the whole space as if the

other gases were absent (really known as Dalton's law), and

he evidently concludes that if the earth's interior is in a

gaseous condition ( ? ) , all gases pervading each other, more
matter could be crowded into the interior than if it were

liquid or solid ; also that, if any of the internal gases near

the shell become solid, owing to the cooling of the shell, the

mutual pervasion comes to an end in that solidifying part of

the gases, so an expansion must result, as the separated indi-

vidual elements occupy more space than when they pervaded

each other in the gaseous state; and the gases thus set free,

mostly steam, expel lava from below.

As stated, this theory is not tenable, even if the earth's

interior really were gaseous. Hixon only stated part of

Dalton's law, but overlooked another part, which says that

"the total pressure of the mixed gases will be the sum of the

pressures of all the individual gases." You cannot, under

the same pressure, crowd the volumes of several individual

gases into the space of one of them, by simply mixing them. If

we imagine two closed vessels, of a cubic foot each, the

one filled with hydrogen, the other with air, both vessels

connected by means of a pipe, it is true that a thorough mixture

of the two gases will gradually set in, but that does not mean
that they will occupy only one cubic foot, under atmospheric

pressure—they will fill the space of two cubic feet, just as

before. Hixon assumes that, under the tremendous pressure

of the earth's crust, various internal gases, now mixed, will

be crowded into a smaller space than if they were separate,

and that, if they are separated by a partial congelation, an

expansion of volume must take place!—but Dalton's law upsets

this theory.

Nor could his further theory stand, that the hot internal

gases, thus set free by the congelation, will, by their heat,

remelt some of the overlying rock and thus form lava. Nor

is it likely that the earth's core is in a gaseous condition.

If magma solidifies at 1600° C (or at the highest estimate

1700), all layers below the magma have about the same

temperature, for any higher or lower temperatures, anywhere

within, would readily be equalized by internal convection

currents.

Hixon's view that the expulsion of lava results from some

internal force, operative below the crust, is most likely

correct ; but such a factor, admitted as such by the leaders in

geologic science, has not been made public as yet.

Stapleton, N. Y. N. Johannsex.
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SOAP AND CLEAN HANDS

Time was when the work of a physician was measured by

the vileness of the remedies he prescribed. The more evil

the smell, the more disagreeable the taste, the more potent

was the medicine supposed to be, and hence the greater the

respect commanded by the physician who dealt in such pow-

erful drugs. It must be admitted that there still lurks in

many of us a feeling of respect for medical substances which

make a decided impression upon our senses of taste and smell.

This feeling is especially marked in judging the worth of

disinfectants and antiseptics. In dealing with bacteria, it

seems reasonable to argue that what is obnoxious to our

senses will surely be most disagreeable if not deadly to micro-

organisms. For a long time carbolic acid held sway as a

popular disinfectant, despite the fact that there were better

disinfectants to be had, mainly because of its powerful and

penetrating odor. By association, the odor of carbolic acid has

come to be regarded as a "clean smell," and phenols have
been introduced into soaps for the purpose of appealing to

the popular sense of cleanliness which the odor of these

chemicals imparts.

Antiseptic soaps have been widely advertised not only as

having cleansing properties but being actually of value in

cleansing wounds, sores, ulcers, including cancerous infec-

tions, and of affording a safeguard in the cases of contagion.

There is no doubt that the advertising of these soaps has given

the public a sense of security in them which is not warranted.

In order to test the efficacy of so-called antiseptic and ger-

micidal soaps, tests have recently been made in the Depart-

ment of Hygiene and Bacteriology of the University of Chi-

cago. A report of these tests was published In a recent issue

of the Journal of the American Medical Association, and it is

summarized in the following conclusions

:

"Sterile hands are not obtained in the ordinary process of

hand washing. More bacteria were found to be removed by
the ordinary toilet soaps than by the special soaps. . . .

"The soap solutions obtained in hand washing are of no
practical germicidal or antiseptic value.

"The soap left on the hands after washing has no germi-

cidal action.

"In the whole process of hand washing done in the usual
manner, the special so-called 'germicidal' or 'antiseptic'

soaps exhibit none of these properties. Therefore, these terms
are not proper to use in connection with soaps."

"Finally, since the hands may serve as a medium for the

conveyance of bacteria in infectious diseases, it is important
to remove these bacteria ; and this may be done by the ordinary
toilet soaps as effectively, if not more so, as by the special

brands of so-called "antiseptic" or 'germicidal' soaps."

A JOURNEY ON A RAY OF LIGHT

It is unfortunately true that the leading American men of

science seldom write of their work in a language that the

laymen can understand. Of course there are some notable

exceptions, but the majority of our scientists have an inborn

fear of "popularizing" their work. As a consequence, most of

the science that is served to the American public is second-

hand material ; that is, it does not come directly from the

men who know, but from professional writers who attempt to

translate and interpret dry and highly technical reports into

simple and interesting English. The mistakes of honest trans-

lators and the sensational tendencies of unscrupulous writers

instead of urging upon scientists the obligation of publishing

authentic popular articles, has had the effect of driving these

authorities into still deeper seclusion. Such a state of affairs

is not only most unfortunate for the general public, but it

reacts upon the progress of science which is thereby robbed

of popular support; furthenmore, because each branch of

science has its own technical language workers in one field

cannot keep abreast of the progress in other fields.

In Great Britain the most eminent scientists feel no loss of

prestige in describing their work in every-day English for the

benefit of laymen and of relieving dry statistics with interesting

comparisons and occasional flights of fancy, while the French
scientists are famous for the literary quality of their popular

writings.

On the following page we publish a translation of an article

written by Emile Belot, Vice-President of the Astronomical

Society of France. In the highly imaginative style so charac-

teristic of the French, he sets his readers astride a ray of

light and then sets forth on a journey through the vast sea

of space. He tells how, although traveling at the terrific rate

of 186,000 miles per second, it takes four hours to reach the

outermost planet of our solar system and four hours to reach

the nearest brilliant star, Alpha Centauri, but the journey does

not stop here. Light years are no longer adequate measures
for him and he begins to deal in light centuries. After 600

centuries of travel at this frightful speed, he brings the

readers to the globular masses of Delphinus at the edge of

the Milky Way. Then leaving our universe and traveling for

—

between five thousand to six thousand centuries, he arrives at

the great spiral nebula of Andromeda. He then proceeds to

explain a cosmogonic theory of his own, using simple mechan-
ical experiments to illustrate various phenomena.

We are not going to attempt to criticize Belot's theories, but
whether we agree with his news or not, we cannot help but

admire the lucidity and the literary quality of his style. We
earnestly hope that our own scientists will endeavor to copy
the methods of presentation pursued by foreign men of science.
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THE GREAT NEBULA IN ORION THE TRIFID NEBULA OF SAGILTARIUS

Dualistic Theory of Cosmogony*
A New Explanation of the Origin of the Stars and of the Planets

By Emile Belot

Chief Engineer of Government Manufactures and Vice-President of the Astronomical Society of France

WHEN Laplace published, something like a century ago,

his celebrated hypothesis with regard to the primal

nebulae he presented it "with that diffidence which
is inevitably inspired by all, that which is a result neither

of observation nor of calculation." The great astronomer thus

manifested with that modesty which always befits science, a

penetrating insight into the progress necessary to be made by

astronomy when regarded as a science of observation. The
solar system at that time was still very imperfectly known-
astronomers were still ignorant of the retrograde revolutions

and rotations which exist and, therefore, supposed that the

revolution of all the stars in our system was direct like that

of the earth. Of a thousand small planets today carefully

catalogued only four were known. The telescope had not yet

revealed the strange forms of the spiral nebuloe, of which as

we now know there are probably a million in existence. The
camera, that incomparable eye, which accumulates for a hun-

dred hours luminous impressions upon a single plate, while

the human eye can take them in only during a tenth of a

second, was not yet invented. Finally, the spectroscope had
not yet revealed the unity of the chemical composition of the

stellar universe and the radial velocity of those stars whose
very distance is immeasurable.

But how would it be possible for astronomers to fail to

make use of all these new discoveries, of which Laplace was
ignorant, to construct a new cosmic synthesis to explain the

origin of worlds? Let us begin by trying to learn a little

bit about these worlds of which scarcely one inhabitant of our

planet has any idea, thanks to the injustice—so much de-

plored by the master, Camille Flammarion—with which as-

translated for the Scientific American Monthly from La Science

et Le Vie (Paris), August-September, 1920.

tronomy, the noblest and the most instructive of all sciences,

is ostracized in the schedules of the schools.

THE IMMENSITY OF THE ITNIVEESE AND THE VARIETY OF SIDEREAL

SYSTEMS

Let us quit the earth leaping astride a ray of light, which,

traveling at a velocity of 186,000 miles per second has taken

8 min. 18 sec. to come from the sun, passing on its way the

planets of Mercury and Venus. In a trifle more than another

second we shall reach the moon (221,500 miles distant) ; in

4 min. 20 sec. more we shall come to Mars, but it will take us

a quarter of an hour longer to cross the zone of a thousand

little planets before reaching Jupiter in the course of 35 min.,

Saturn in 70 min., Uranus in 2 hr. 30 min., and Neptune in

4 hr. (Fig. 1). Along our path we shall meet many comets,

which, remote from the sun, possess no tails, and indeed are

scarcely visible, being merely small spherical nebula?.

The sun now looks to us merely like some great star, but

we shall not leave its sphere of attraction until our journey

has continued for two years ; for we shall not reach the nearest

brilliant star, a, Centauri, until after four years of travel,

during which we shall have covered a distance of twenty-four

thousand billion miles. Here our first surprise awaits us:

the star a Centauri is a double star composed of two suns

gravitating about each other. Our own single sun, situated

at the center of our system, is an exception, as we shall find,

for in our ultra-rapid journey we shall encounter not only

many double suns but many that are triple, quadruple, etc.

But now we must begin to count by centuries in the record

of our voyage. In an extent of space measured by from one

to three centuries we shall encounter the great amorphous
nebuhe, Orion, Cygnus, etc., faintly glowing gaseous masses
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which doubtless form part of the original raw materials em-
ployed in the formation of worlds and which contain above all

hydrogen and helium. At the end of sixty centuries of this

journey of fantasy we shall have had the opportunity to count

a billion or two of stars ; we shall have had a fleeting glance

at millions of planets revolving around fixed stars and bear-

ing billions of human beings, whom we shall never have the

pleasure of knowing! And yet we shall have arrived only at

the edge of the central nucleus of the Milky Way, and not

even at those star-clouds which resemble in photographs a

Ecliptic
Uranus

PIG. 1. RELATIVE PROPORTIONS OF THE PLANETS IN THE
SOLAR SYSTEM (EXCEPT NEPTUNE)

The scale of distances is of course much smaller than the scale of
sizes. The relative size of the sun is indicated by the partial section.

golden dust cast into the infinite shadow of space. Here,

perhaps, we shall see the birth of a world, of a planetary

system like our own, from the shock of a gaseous star coming
into collision with a nebula in one of those sudden conflagra-

tions, which reveals itself to us as a "Nova."

Having now had the patience to admire this majestic specta-

cle during a journey of six hundred centuries, traveling at a

velocity of 186,000 miles per second, the celestial horizon will

at last appear free from all stellar dust. What awaits us
beyond? In the direction of Sagittarius we shall perceive

masses of stars which have been called the Island Universes

;

these open or globular masses are gigantic agglomerations,

each one of which may contain from 30,000 to 100,000 suns,

a sphere of fire turning round an axis like a lighthouse illumi-

nating the infinite ocean of ether. Let us stride across one
of these masses (that of the Delphinus) with our seven-

leagued boots, which would necessitate a journey of 2,000

centuries and which appears to be at the extreme confines of

one of the spirals of the wonderful Milky Way.
Let us dive now into sidereal depths ; we shall now perceive

only spiral nebulae, i.e., the other milky ways—the universes

external to our own, which are numbered by millions. The
nearest one is the spiral nebula of Andromeda, which rushes

toward us at a velocity of 180 miles per second, and wherein
the telescope has already beheld the birth of no less than fifteen

new stars. And how far is Andromeda from us? Possibly at a

distance, which measured in years of light, amounts to from
5,000 to 6,000 centuries.

Thus we measure velocities, thus we observe cosmic shocks

and record phenomena which took place at least 200,000 years

ago and probably more than 500,000 years ago! We are pho-

tographing today stars which must have ceased to exist before

man made his appearance upon earth. Behold the grandiose

and impressive tableau of the Cosmos revealed by modern
astronomy. How different this is as regards space and time

from the infinitesimal sidereal horizon known to the astrono-

mers scarcely a century ago.

COSMOGONIC PROBLEM FEOM THE VIEWPOINT OF EVOLUTION

It is thus that the cosmogonic problem confronts us with

all its frightful complexity of which Laplace could have had
no suspicion. It is no longer a question of explaining the

origin of our own little solar system alone. Such is the

unity of the cosmic plan that we must at the same time take

into account the strange forms and movements of the spiral

nebula? of the Milky Way, of the formation of the masses of

stars, and of that of the Novae. Spectrum analysis has shown
us the unity of the chemical composition of the worlds ; all

known physical forces are as universal as gravitation. Ge-

ometry is almost plane in all the systems: the satellites

gravitate in the plane of the equator of their own planet as

do the planets around the sun in the plane of the ecliptic.

The Milky Way is almost plane as are also the spiral nebulae

;

the proof of this is given by such of these nebulae as are seen

edgewise. All these facts converge toward the idea that the

evolution of all cosmic systems has been the same at all

times.

But what do we learn from the evolution of all living organ-

THE GREAT SPIRAL NEBULA OP ANDROMEDA NETWORK NEBULA IN CYGNUS
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isms? This evolution is very rapid at the beginning, when
each one fixes in a few days or months, at most, the dis-

tinctive characters and the geometric structure of its species.

If the force of attraction had presided at the evolution of the

cosmic organism, this evolution would have been, on the con-

trary, very slow at the beginning.1 Moreover, the operation of

the force of attraction would inevitably have produced a

concentration of all the matter of a system into a single mass

;

but as an actual fact there is, on the contrary, a dispersion

of masses of matter around a center, satellites around a

planet, planets around the sun, of divergent spirals in the

spiral nebula.

The Force of Attraction Insufficient to Explain the Structure

of Worlds.—Following this train of reasoning a primary con-

clusion is forced upon us : The force of attraction is incapable

of explaining the structure of worlds. We must seek their

origin in the dispersive forces of great velocity found in the

stars having a brief evolution, which are, so to say, the

embryos of suns; but it is a fact that such stars exist—they

are the new stars, the so-called "Novae."

But the idea of evolution evokes also the idea of the va-

riety of species. Our present knowledge of the hereditary
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characters discovered by Mendel enables us to possess a pre-

cise knowledge of this variety, by means of the multiple com-

binations of the dominant characters in the two parents. In

a word, the variety of species proceeds from the dualism which

presides at the birth of new organisms. May wo not say that

the unity of the cosmic plan, the well-proved variety of the

sidereal species, is due to their dualist origin, and is not the

coming together of two already differentiated cosmic types

required to engender each star in the universe? As a matter

of fact we are familiar with such unions in the heavens—it

is these which result in the Novae, those strange stars marked

by an extremely rapid evolution. And these encounters, which

are naturally produced frequently in the Milky Way, where

the cosmic matter is particularly abundant, have the charac-

ter of actual shocks, since in the course of a few hours Novae

like that of Perseus (1901) and that of Aquila (1918) pass

from the 11th magnitude to a brillance much superior to that

of Sirius, i.e., they are 150,000 times as bright in the morning

after their discovery as they were upon the evening before.

In our laboratory, as in our atmosphere, a shock produces

light, and vibration, a dispersion of the matter surrounding

JThe velocity of condensation of a gaseous sphere is in inverse

ratio to the square root of the radius.

the point of shock; behold the origin of those dispersive
forces which dominate the force of attraction—those forces
whose action is enormously rapid and which the idea of
evolution has led us to seek in the cosmic realm. Thus, in

the initial shock of the revolving stars which gave them
birth the satellites would be merely spattered fragments of
the planetary nucleus ; the planets spattered fragments of the
solar nucleus; and the spirals of the spiral nebulae centrifugal
jets of their nucleus.

Our theory of a dualist cosmogony which, starting with the
Nova?, studies the cosmic shocks and the translation in space
of the nebular stars producing their encounters, is thus
in complete opposition to other cosmogonic theories, whether
these be monist like that of the school of Laplace, wherein
translations in space do not occur, or even dualist like that
of Chamberlin-Moulton (planetesimal hypothesis) in which
there intervene only semi-shocks at a distance or cosmic tides

in which only gravitation enters into the calculation of savants.

The History of a Nova.—What then is the modern view of

the history of a Nova? A small gaseous star or planetary
nebula, so small (the 11th magnitude) as to be barely percep-

tible upon the photographic plate, attains in the course of a
few hours, by means of a violent encounter (impact) with a
cosmic cloud, a brilliance equal to that of a star of the first

magnitude. Is the Nova a dark sun whose inner flames have
suddenly broken through its crust? No! For the continuous
spectrum, which is always feeble, rapidly disappears, giving

place to the spectrum which characterizes nebula?, which is

that of the cosmic clouds. The hydrogen, which is very
abundant, is revealed by its brilliant lines which are often

displaced toward the red, and by its dark lines which are

greatly split and displaced toward the violet; and the sheets

of the stellar nucleus thus detached approach the earth at

fantastic velocities, sometimes attaining, as in the Nova of

Aquila (1918), a velocity of 1,400 miles per second.

Afterward the brilliance of the Nova diminishes, often by
periodic oscillations ; we behold it surrounded by concentric

nebular sheets of constantly expanding diameter. Do not

photographs in this case exhibit the planetary rings of a
system in process of formation? And note that in the course

of two years the evolution comes to an end by the return of

the Nova to its original degree of brilliance, but with the

characteristic lines of the Wolf-Rayet stars, i.e., the helium

lines which are both the yellowest and the hottest.

Must we regard this prodigious and rapid evolution as being

a cataclysm like the end of a world, volatilized by fire?

Solvet saeclum in favilla. Not so ! Our optimistic cosmogo-

nist sees herein, on the contrary, the origin of a solar sys-

tem, whose period of gestation is short like that of any other

embryo ; he interprets the luminous shock of a Nova as the

"let there be light" preceding by many days the light of a

condensed sun, and announcing to the universe by its shining

message the birth of a new planetary family.

THE NEW DUALIST AND VORTICAL COSMOGONY ITS PROOFS

It is by this method that I have succeeded in solving the

problem of the origin of worlds. Modern science is well ac-

customed to wiping off the slate former ideas which had

appeared to be absolutely fundamental ; e.g., the constancy of

the mass, which is now known to vary with the velocity

;

the permanence of atoms, which are in fact disintegrated by

radioactivity ; the impeccability of Newton's law, which Ein-

stein now declares requires a correction which depends upon

the velocity of light.

Modern astronomy must in its turn learn to accept the para-

doxical idea that the architecture of worlds does not depend

upon the force of gravitation. We must, first of all, furnish

an explanation of this paradox : Gravitation may be in the

beginning imoperative or latent; when two greatly extended

nebulous stars encounter each other in space their centers of

gravity are very remote from- the surfaces of shock : hence

their mutual attraction is able to impart to them merely a
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very small velocity, a few miles per second, whereas the com-

parative velocity of the impact may attain to more than 1,000

miles ; in such a case the force of gravitation is inoperative—
it is merely a feeble disturbing force among the dispersive

forces due to the cosmic shock.

It may also happen, as I demonstrated quite recently, in a

note read before the Academy of Sciences, that the attraction

may be constantly in a state of equilibrium with the centrifu-

FIG. 2. DIAGRAM OP THE FORMATION OF THE PLANETARY
SYSTEM BY THE IMPACT OF THE PROTO-SUN UPON THE

PRIMAL NEBULA
The shock, through the vibration of the solar nucleus which It

occasions, causes the vertical planetary sheet to be detached at 1, 2,

and 3 ; the velocity V of the nebula pushes back and agglomerates
each sheet into a planet whose axis diverges from the direction of

the apex in a degree which is directly proportionate to its distance

from the center S of the sun.

gal force operative along certain cosmic trajectories; in this

case the attraction is latent and calculations include only the

dispersive forces due to the impact.

This idea liberates us from an exclusive dependence upon
the law of Newton

;

2 emancipated from a slavish dependence

on this law, we at once perceive that the celestial mechanics

concerned in the origin of worlds is identical with the ordi-

nary physics and mechanics whose laws govern fluid masses

such as those with which we are able to experiment in our

laboratories, and the perception of this fact simplifies remarka-

bly the riddle of the origin of worlds. In order to solve this

problem let us simply apply the method so successfully em-
ployed by the founders of modern astronomy, Kepler and
Newton, those men of genius who unconsciously applied in

their researches the inductive method of the physical sciences,

Kepler discovering empirically his three laws applicable to

planets3 and Newton seeking the theory capable of explaining

their mathematical forms.

Following their example I have sought to find by empirical

methods new laws operative in the solar system. I have sue-

•
2Newton's law is beautifully simple : Every particle of matter in

the universe attracts every other particle in direct proportion to their

combined mass and in inverse proportion to the square of their

distances.
3The first law of Keppler established the equal description of areas

in the following terms : Imagine a line drawn between the sun and
a planet : so long as the planet continues to move upon its ellipse

this line, which is called in astronomy the vector radius, will describe

or pass over portions of the area or of the surface of the eUipse, and
the movement will be such that the vector radius will describe equal

areas in equal times upon whatever point of the ellipse the planet

may be. The second law, in virtue of which the planets -describe

ellipses having the sun as their focus, determines the law of solar

gravitation for each planet independently of the other.

According to the third law the squares of the periodic times of the
planet (i.e., the time required by them to travel over their orbit about
the sun bear the same ratio to each other as the cube of their

average distances from the sun.

ceeded in finding two such laws : the law of the distances of

planets and satellites from their central star and the law of

the rotations of planets about their axes. Each of these laws
comprises in its formula two terms : Hence the concept of

a dualist cosmogony. In a word, it was in seeking the mathe-

matical explanation of these two laws that I discovered a new
cosmogony : according to this, two bodies were concerned in

the origin of each star in our system ; these bodies upon their

encounter in a nebular state engender according to the well-

known hypothesis of the great physicist, Descartes; the whole

theory of the new cosmogony is implied in the law stated

below.

VOBTICAL COSMOGONY : A DUALIST HYPOTHESIS

All stars and all sidereal systems result from the encounter

of a gaseous spheroid S (Fig 2) in a state of rotation and an

amorphous nebula in a state of translation into which the

nucleus S penetrates.

Instead of stating in this place the complicated mathemat-

ical proofs which can readily be found elsewhere I shall merely

set forth certain physical facts revealed by these calculations

and explain how analogous phenomena can be obtained in the

laboratory.

1. The Phenomenon of the Vibration of Pulsation of a Gas-

eous Sphere.—Let us begin by producing a large soap bubble

made from Plateau's liquid which is composed of water, soap,

and glycerine; this bubble Sj (Fig. 3) is then blown upward
and we shall observe that the soap bubble becomes flattened

alternately at the equator (E t E2 ), and at the poles (P! P2 ).

If one were able to blow upon the bubble with sufficient

strength yet without causing it to burst, the equatorial matter

would be projected at E, E2 in the form of a sheet (Nt N3 )

FIG. 4. TRANSLATION OF A GASEOUS
SURFACE IN A RESISTANT
MEDIUM ILLUSTRATED BY

SMOKE RINGS
If M trajectory of smoke ring T issu-

ing through hole in box A B.
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FIG. 3. VIBRATORY
PHENOMENON OF
PULSATION OF A
GASEOUS SPHERE

FIG. 5. ECCENTRICITIES OF OR-
BITS EXPLAINED THE EXPERI-

MENT OF THE FLOATING
RING

having a circular section and this ring-shaped sheet of matter

would separate from the bubble. Moreover, since the pulsa-

tion of the bubble is, like all vibrations, periodical in charac-

ter, the positions S! S2 of the equatorial expansion are equi-

distant in the direction Sx S 2 of the arrow.

Let us now compare this experiment with Fig. 2, which
presents a diagram of the formation of the primal solar

system. The gaseous sphere of proto-sun having a radius 62
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times as great as that of our present sun rushes against the

nebula, the point of shock being situated at 28° from the

pole in the direction of the apex" toward the star Vega.
The proto-sun thereupon begins to pulsate, expanding at the

equator in the position 1, 2, 3, etc. If the pulsation be suffi-

ciently intense planetary sheets will detach themselves from
the equator forming in the nebula, progressively expanding
"tulips" moving toward the primal ecliptic E E. Each of

these planetary sheets will inevitably present a vortical surface

since each molecule therein describes a spiral by reason of its

rotation around S and its movement of translation.

2. The Phenomenon of the Movement of Translation of a

Gaseous Surface m a Resistant Medium.—In this case also a

simple experiment will assist us to comprehend the matter.

Let us produce some tobacco smoke in the box A B ; then let the

lid C C which is pierced with a round hole O (Fig. 4) 10 cm.
in diameter, be suddenly lowered. By this means we shall

succeed in projecting into the air large smoke rings which
will expand progressively as they travel from O to M. It can

be demonstrated that the curve MM is a logarithmic curve

The curves denning the apparent contours of the planetary

sheets (Fig. 2) thrown off at 1, 2, 3, will also be logarithmic

in nature, since it is readily understood that these sheets are

essentially gaseous projectiles like our rings of smoke traveling

through the resistant medium of the nebula.

Consequently it is possible to calculate the distances from
the sun at which the planetary sheets (and the planets them-

selves) were situated when they reached the primal ecliptic

EE, but the theoretical law thus discovered is verified with

great precision by the actual distances of the planets and also

by the distances of the satellites from their respective planets.

THE LAWS GOVERNING THE DISTANCES AND THE INCLINATIONS Off

THE PLANETARY AXES

The Ratio of the Distances of Two Consecutive Planets (or

Satellites) from the Proto-sun (or Planetary Nucleus) Is

Constant.—Thus we see that the law of distance which the

Newtonian mechanics had never been able to demonstrate is

the first new conclusion obtained from our theory of vortical

cosmogony, but there is also a second new conclusion which

has hitherto remained entirely unsuspected by astronomers:

We see in Fig. 2 that the curves MM cut the ecliptic EE
at various angles which deviate more and more from the

direction of the apex. But these angles are precisely those

which are formed by the axes of our planets with the axis of

the ecliptic; consequently there exists a law governing the

inclination of the planetary axes which may be stated as

follows

:

Tn the beginning all the planetary axes are m the saxmei

plane, which is perpendicular to the ecliptic, and they comprise

the direction of the apex where they converge to a single point

(see Fig. 1). If the earth has its axis inclined to that of

the ecliptic at 23° 27' it is because it is near the sun, whose

direction of translation forms an angle of 28° with the same
axis. Jupiter being farther from the sun has its axis almost

perpendicular to the ecliptic. Saturn (28°) has its axis even

more inclined than that of the earth. But Uranus is twice

as far as Saturn from the sun ; what then must have occurred

in the case of this planet? Its planetary sheet must have been

rolled back by its passage through the nebula to such a degree

as to form an actual ring (like the smoke rings of our experi-

ment) and hence its molecules must revolve about an axis

lying upon the ecliptic. Thus we see that this supposed

anomaly, which is entirely incompatible with the cosmogony

of Laplace, finds an immediate explanation in our own theory.

PLANETARY ROTATIONS, ECCENTRICITIES OF ORBITS, ETC.

Our theory indeed explains with a like facility various phe-

nomena which have proved stumbling blocks to other cos-

mogonists.

Direct Rotation.—The complicated explanations of direct ro-

*The apex is that point of the heavens toward -vhicii the solar

system is directed in its translation through space.

tation proposed by Faye and H. Poineare' have never convinced

anyone else. In the cosmogony proposed by me the cause of

the direct rotation of the planets in the vicinity of the sun is

a matter of intuitive reason. At the same time we can

readily understand why there is in general only one large

planet or ring per planetary sheet. The amorphous nebula

has a component of translation V from the rear to the front

(Fig. 2), i.e., in the direction opposite to the velocity of the

planetary sheets at the moment when they cross the line

SE. Their velocity is diminished by this retardation ; they,

therefore, have a tendency to fall toward the sun, but being

drawn backward in their movement by the attraction of the

remainder of the planetary sheet, they roll up with a move-

ment which is direct and not retrograde; this motion is that

of the planetary sheets because of the fact that it is also the

direction of the rotation of the proto-sun.

Eccentricities of Orbits.—But what is the reason that the

planets in the beginning (as well as at the present time) did

not revolve around the sun in a circular path but, on the con-

trary, in slightly eccentric orbits or ellipses? Let us answer

this question by means of another experiment. Let us repre-

sent the circular planetary sheet by a circle C floating upon

water (Fig. 5) which like the nebula is a resistant medium;

let us represent the attraction of the sun O by springs con-

necting the points of the circle with the center. Then let us

subject this material ensemble to an oblique traction OF by

means of the cord attached at the point O. We shall then

observe OF displaced to the position O'F' indicated by the

dotted line, because of the resistance of the circle C to move-

ment in the resistant medium—hence O' is no longer at the

center of the circle. In the same way the movement of trans-

lation of S is oblique to the plane

of the top of the planetary sheets

(Fig. 2), it is evident, therefore,

that they must be eccentric. Their

center in the beginning being to

the right of the solar center S

which carries them along in space.

Comets and Movement of Retro-

grade Revolution.—It might seem

to the uninitiated that our cos-

mogony would find it as difficult as

does that of Laplace to explain

movements of retrograde revolu-

tion and of those comets whose
greatly flattened orbits are almost parabolic in nature—but this

is not the ease. Let us consider for a moment the piece of mechan-
ical apparatus known as a differential which consists essentially

of a pinon P revolving around the center S and meshing with

two toothed sectors Nj N2 (Fig. 6). In the cosmic reality S
represents the sun, Nj a planetary sheet, with the velocity V
having a direct movement N2 the amorphous nebula with the

velocity V moving in the retrograde direction with respect to

S. It is the conflict between V and V which creates the local

planetary vortex P, thus insuring that the future planet shall

rotate upon its axis. Let us now examine what will take place

in the retrograde region of the solar system, i.e., beyond

Uranus. To begin with, we have the following data : V is

greater than V ; the planet P working in mesh with V and V
will have a retrograde rotation and will be carried along in the

direction of the arrow D (direct revolution.)—we find this to

be true of Uranus and of Neptune. But let us travel farther

away from the sun : the velocity of the orbit V diminishes in

accord with the third law of Keppler, V remaining constant.

At any given moment, therefore, V is smaller than V„. Hence
the planet P will continue to have a retrograde rotation, but

will be carried along in the direction R (retrograde revolu-

tion). 'No planet having a retrograde revolution Is known to

us, but certain satellites—IX of Saturn, VIII and XX of Jupiter

—possess a retrograde revolution, and I may mention with

regard to the last two that before their discovery I myself had

predicted that their revolution would be retrograde as will

FIG. 6. DIFFERENTIAL
MECHANISM ILLUS-
TRATING RETRO-

GRADE RELATIONS
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be that of all the external satellites and of the planets which

may be discovered in the future at a greater distance than 100

astronomical units?

But what will happen when V equals V , which occurs at

about this distance? In this case there is probably a collision

between the masses V and V , but no tendency to the rotation

of P, i.e., no vortical agglomeration. As soon as a mass V

FIG. 7. FORMATION OF A SPIRAL NEBULA BY IMPACT OF
ROTATING NUCLEUS S AND AMORPHOUS NEBULA

The shock forms two swellings EE which extend radially and
which, animated by a movement of rotation, produce the spirals

S,, 8', 8r

encounters as mass V their orbital velocity is annulled, but

since the sun continues to attract them and since this attrac-

tion is not balanced by centrifugal force, they will be pre-

cipitated in a straight line toward the sun ; these are the

comets, nebular masses without agglomerations and having

highly eccentric orbits, which may, furthermore, have the

said eccentricity greatly reduced when passing near Jupiter and
Saturn by a so-called "capture." There may also be comets

produced by the extreme portion of the streamers into which

the solar mass stretches out to a greater or less degree the

original nebula, according to the beautiful theory of Schia-

parelli.

THE SPIEAL NEBULAE AND THE STRUCTUKE OF OUR IINIVEESE

The hypothesis of the dualist synthesis of the solar system,

indeed, satisfies the intellect by the multiple numerical or

qualitative verifications, whose principles we have set forth.

But it remains to explain the structure of our universe (the

Milky Way) and that of the other universes (the Spiral

Nebulae)—and the fertility of the dualist hypothesis enables

us to do this.

The planetary sheets detach themselves from the equatorial

region of a rotating gaseous nucleus because of a shock upon

the polar region; these planetary sheets are projected from the

nucleus along radial lines. It is the shock upon the equato-

rial region of a rotating gaseous nucleus, on the other hand,

which will reveal to us the secret of the spiral nebulae—thus

the problem of cosmic shocks may be analyzed into two en-

tirely distinct cases, which give rise respectively to systems

whose geometric forms are entirely different.

Let us imagine (Fig. 7) a nucleus S whose poles are at

PP', whose equator is at EE' in the plane of the figure and
which has the relative velocity V when it encounters the

nebula N. The shock will produce two diametrically opposite

swellings EE' which will tend, after their radial projection

to revolve around the axis P, since they participate in the

rotation of the nucleus. In reality the periodical pulsation

of the latter will give rise to periodical projections which will

gradually produce the two spirals Sj and S2 which will very

soon become merged in the nebula N. The velocity V will

have a very different effect upon these two spirals: it will

tend to roll up the spiral Si to the point at which its velocity Vt

5The astronomical unit is the distance from the earth to the sun.

will be opposite to V, which will create a secondary nucleus S',

revolving in the same direction as the nucleus S ; the spiral S 2,

on the contrary, drawn out by the same velocity V, will be

finally expanded in space into S'3.

But as a matter of fact these very simple consequences of

the theory are actually realized in the nebula of Canes Venatici,

which like many other similar nebulae presents a secondary

nucleus with a re-entering orbit; we even observe upon the

other spiral a rolled back nucleus which would be represented

also upon our diagram if the spiral S'a had been prolonged

sufficiently to make another half turn around the nucleus.

Let us remark next that these secondary nuclei are the result

of the phenomenon of unilateral formation with rotation, ex-

actly like that of the planets shown upon the right side of

Fig. 2 ; furthermore, the theory made known by me in 1909

shows that the spirals revolve in the same direction as the

nucleus, though it was not until 1916 that the measurements
made by Van Maanen confirmed my predictions, whereas until

that time all astronomers were convinced either that the ro-

tation of the spirals was in the inverse direction or else did

not exist at all. Today this error has been banished.

The Milky Way.—Let us now consider the Milky Way, the

spiral nebula of our stellar universe : I conceived the idea

quite recently that our Milky Way might be identified in plane

with the nebula of the Canes Venatici. We may see how far

this induction is verified by examining Fig. 8 where there

are reproduced together with the diagram of this nebula the

constellations of the Milky Way upon a circle having the sun

as its center. Charlier has taught us that the center of the

nucleus of the Milky Way is in the vicinity of Argo Navis

;

we know, of course, that the most brilliant portion of the

Galaxy (i.e., the part nearest us) is in the vicinity of Cygnus.

THE SPIRAL NEBULA IN CANES VENATICI

Allow the eye to travel around the Galactic circle in the retro-

grade direction; we shall see successively one branch, then

two branches, and even three, superposed (or nearly so, if

they are not actually in the same plane), and this is pre-

cisely what has been proved to be true.

Globular Masses, etc.—Hitherto no one has found it possible

to explain why the globular masses have a unilateral concen-

tration upon the side of Sagittarius: we now know that it is

because the velocity V of the nebula N of our universe has
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acted precisely as was predicted in our theory to crowd back

or roll up the external spiral, and this as has also been

proved, in the same direction, thus producing the condensation

of a secondary nucleus of the spiral nebula of Canes Venatici.

Yet more : we see upon the figure that the mass of Centaurus

should be the nearest, the others (Sagittarius, Hercules, Del-

phinus, etc. ) being more and more remote upon the external

FIG. 8. THE FORM OF THE MILKY WAY IDENTIFIED IN
• "' PLAN WITH THE NEBULA OF CANES VENATICI

nucleus whose radius may possibly be 6,000 years of light; S pres-

ent position of the sun, approximately in the plane of the spirals

which appear to be projected one upon the other in representa-
tions of the Milky Way.

spiral, and, as a matter of fact, the measurements made by
Shapley confirm this view of the ensemble; the distances

vary from 20,000 years of light for the nearest, to 220,000

years of light, for the farthest. There is a limited number of

the globular masses (86) just as there is of the large planets

(8) and for the same reason, since they represent nuclei of

periodic condensation—in a word the globular masses are the

planets of the Milky Way.
Kapteyn's Currents of Stars and the History of the Proto-

sun.—The fecundity of our hypothesis enables us finally to

attack the problem of the history of the proto-sun (of the

primal sun which projected the planetary sheets) and like-

N
jSaqittorius^' _ _ J^_ _

Current I Masses

$

FIG. 9. DIAGRAM OF THE FORMATION OF THE CLOSED
GLOBULAR MASSES G AND THE OPEN GLOBULAR MASSES

O' AND OF THE STREAMS OF STARS I AND II

The numbers are inverted upon the figure P parabolic trajectory

of the proto-sun and S of the sun after it has undergone in the spiral

O' the impact which has given it its planetary cortege

wise, the two stellar currents of Kapteyn. We know, in fact,

that the stars are distributed in two streams, one of which

is directed toward Sagittarius while the other is diametrically

opposite.

Let us imagine, now, the immense gaseous primal nucleus

of our stellar universe, whose radius may have been 300 million

times the distance of the sun from the earth (Fig. 9). It

revolves in the direction of the hands of a watch with its

axis perpendicular to the figure. In its shock upon the nebula

of our universe coming from the side X (Sagittarius) it be-

spatters space with two spirals composed of a dust of proto-

suns : our own' follows the external spiral and arrives after

billions of years in the region where are now found the

globular masses 1, 2, 3, 4, 5, etc. These are not formed at

the expense of the spiral but by the new encounter with the

universal nebula, but this encounter makes a selection among
the masses : in the path of the globular masses there are

found at P the smallest masses of proto-suns, exactly as in the

track of Jupiter and of Mars we find the small planets of

their family (Fig. 1). Our proto-sun has a small mass in

comparison with the other stars ; it would be precipitated by

the velocity V of P to the point P' upon a parabolic orbit

directed toward the nucleus of the Milky Way. It will there

encounter at a given moment the internal spiral (Fig. 9)

where are found the smallest masses known as the open

masses O', accompanied without doubt by nebular matter. The
shock of our proto-sun upon this matter will produce the

solar Nova, i.e., the projection of the planetary sheets by means

NEBULOUS MASSES IN THE PLEIADES

of which, according to the dualist theory, our system was
formed. At the same time the velocity of the proto-sun which

was, thanks to V, several thousand miles per second, will be

reduced to a velocity which will correspond to the central at-

traction of the nucleus O. Continuing its parabolic course

our system will wind around this nucleus in order to arrive

at S, the tangent to its trajectory now being directed toward

Vega and its velocity being 20 km. per second in this direction.

We see clearly that we are surrounded with stars all directed

toward Sagittarius, like the sun (current II) and stars with

circular orbits which follow the opposite direction by reason

of the fact that they form a part of the original nucleus of the

Milky Way (current I).

EVOLUTION OF THE ARCHITECTURE OF THE SIDEREAL SYSTEMS

Arriving at the terminus of our cosmic expedition it is proper

now to define its various stages and present a resume of the

evolution of sidereal systems. In the beginning the enormous

velocities of matter which had but slight density and was
very widely distributed, prevented the force of gravitation

from playing any appreciable part in the evolution of sidereal

systems.

The Cartesian Phase.—This was a phase of sidereal systems

which is not yet ended so far as the slow evolution of spiral
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nebulae is concerned : It is characterized by shocks between
gaseous masses having a high velocity, as a consequence of

which immense vortices are produced as was divined by
Descartes, thus determining the geometric form of the sys-

tem. These shocks converting into heat the enormous kinetic

force of the proto-suns assure to them a supply of radiation

stored in their immeasurable depths and capable of reheating

planetary life for many hundred million years.

But the successive shocks have now diminished the cosmic

velocities, occasioned concentrations of matter, and almost

emptied space of dispersed nebular matter. Hereupon the

force of gravitation resumes its sway and reigns as sovereign

mistress over the stars traveling in the sidereal vacuum.

The Newtonian Phase.—This is the phase of the sidereal

systems characterized by their relative stability and slow ve-

locities, to which the disciples of Newton would fain reduce

all celestial mechanics, and in which it is possible to predict

phenomena only by the most laborious calculations. The
Cartesian phase, on the contrary, was characterized by shocks

which can be measured and weighed, so to speak, by the

methods of experiment in physics and in mechanics which are

current practice in our laboratories.

To a French engineer it has been given in studying the

cosmic dramas of the origin of worlds, to construct the first

chapter of a new celestial mechanics, which will revive in

our country the vortical theory of our great Descartes.

What Are the Nebulae?*
A Name Applied to Three Distinct Classes of Heavenly Objects

By Russell Sullivan

* S we cast our eyes toward the skies on a clear night we see.

A\ a few thousand stars apparently scattered at random
-* *• over the dark vault of the heavens. We little realize

that among these stars are thousands of nebulae (or little

clouds of light), for the most part invisible to the unaided eye

and in many cases beyond the reach of all but the most pow-
erful telescopes.

Modern astronomers divide the nebulae into three classes

—

extended, planetary and spiral. The first class is well repre-

sented by the Trifid nebula in Sagittarius ( see page 292 ) . The
whole mass is very likely at a high temperature and probably

seething with internal movements, although some authorities

think that the light is due to a kind of electrical action, simi-

lar to the effects observed in comets. The spectograph has
shown that these objects are composed of helium, hydrogen
and nebulium—the latter element unknown on the earth.

Hydrogen tends to separate from the other elements and occupy
the outlying portions of the extended nebulae. Among such

objects are to be seen dark nebulae, i.e., dark or faintly lumi-

nous markings which obscure the light of the stars or nebulae

behind them. The dark lanes in the photograph are thought

to be non-luminous portions of the nebula or opaque masses
which lie between us and the nebula and cut off its light. The
region of the Milky Way is crowded with bright and dark
nebulae often merging insensibly into one another. The con-

stitution of the latter is not positively known. Slipher has
shown that in one case it is fairly certain that a large, bright

nebula, closely allied to a dark object, is not gaseous, i.e., it is

probably a cloud of cosmic dust. In this connection it is in-

teresting to note that he has found a few nebulae whose spectra

indicate that they are shining by the reflected light of the

brilliant stars in their midst. The extended nebulae, whether
bright or dark, act as a veil and absorb the light of the faint

stars behind them ; some of the dark nebulae cover large

areas of the sky—others are small and curiously formed.
Barnard's observations show that these obscure objects are

not confined to the Milky Way, but may be found in other parts

of the sky, away from a luminous background and silhouetted

against space itself, which glows with an extremely feeble

light. The latter conclusion is most remarkable and cannot
be explained by any facts known to modern science. The
bright extended nebulae have small average velocities of 6

miles per second, and remain in or near the Milky Way.
Their actual size is such that a ray of light would travel

many years in crossing from one side to the other. A light-

year is the distance that a ray of light (moving at a speed
of 186,000 miles per second) travels in one year. The nearest

star is about 4 light years from the earth and at this great

distance we have hardly begun to sound the depths of the
universe. It is generally thought that helium stars (of early

•Reprinted from Popular Astronomy, No. 268.

spectral type) are formed in these great, irregular masses

and the spectrograph has demonstrated the existence of helium

stars in the center of the Orion nebula. Reddish stars (of

late spectral type) are never associated with the nebulae.

About 150 extended nebulae (bright and dark) are known.

These objects are members of our own stellar system, but are

very remote and lie at an average distance of 2,500 light-

years.

The planetary nebulae (so called because they look like the

disk of a planet) belong to the second class. High-powered

instruments usually disclose a ball and ring structure similar

to the planet Saturn. The spectograph in Campbell's hands

has taught us a great many things about these strange objects.

They are ellipsoidal shells of shining gases, probably at very

high temperature, and similar in composition to the bright

extended nebulae. Passing from the nucleus out toward the

ring, we find concentric shells of helium, nebulium and hydro-

gen, in the order named, suggesting the arrangement of gases

in the bright irregular nebulae described above. Campbell and

Moore have detected a moderate degree of rotation in these

objects, amounting to a few miles per second about an axis

at right angles to the plane of the ring, the speed of rotation

decreasing as the distance from the center increases. The
planetary nebulae are moving through space at average speeds

of 24 miles per second. Campbell has suggested that they

are the wrecks of ancient collisions among the stars, but

may form in the future solar systems similar to our own.

They occupy a volume of space many times the size of our solar

system and, like the extended nebulae, cling closely to the

Milky Way or its neighborhood. Each one in its heart

holds a star of spectral type (Wolf-Rayet) still earlier than

the helium stars in the Orion nebula. From time to time

novae (new stars) have blazed forth in the Milky Way.
Shortly after the outburst the majority have become plane-

tary nebulae and finally have assumed the Wolf-Rayet spectrum.

Plaskett has recently found the lines of a planetary nebula

in the spectrum of Nova Aquilae which made its brilliant ap-

pearance in the Milky Way June 8, 1918. Barnard has ob-

served Nova Aquilae in its decline and has actually seen it

change into a planetary nebula with a disk of measurable size.

These objects belong to our own stellar universe and lie at an

average distance of 1,000 light-years. They are comparatively

scarce—only 150 have been catalogued to date.

We now come to the largest and most mysterious class of

objects—the spiral nebulae—of which there are several hun-

dred thousand in the sky. Recent researches conducted by

Slipher indicate that they are moving at the tremendous aver-

age speed of 240 miles per second. They are not, as a rule,

seen near the Milky Way, probably because they lie beyond

it and are eclipsed by the dark nebulae ; but if we turn our backs

to the Milky Way we will be rewarded by finding immense
numbers of them. A spiral nebula is flat and may be com-
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pared to a pin-wheel or watch-spring—the latter has only one

arm, while a spiral nebula usually has two arms joining the

center at opposite points. Van Maanen has recently found

that the spiral nebula N.G.C. 5,457 in Ursa Major is rotating

rapidly about its center. The speed of a particle half way
between the center and the edge is in the neighborhood of

200 miles per second, but the nebula is so stupendous that the

particle would take 85,000 years to make a complete rotation.

Spectographic observations by Slipher and Pease on other

objects confirm the high rotational velocities of the spiral

nebulae. H. D. Curtis has recently estimated that the spirals

lie at the appalling distance of one million light-years, and

this is a minimum estimate. More likely they are from ten

million to one hundred million light-years from the earth.

The spectograph shows that they are not gaseous, but are

composed of stars, star-clusters, and even bright and dark

nebulse. The latter appear as dark bands' on photographs of

spirals seen edgewise, and suggest the dark nebulse of the

Milky Way.. Within the last two years many faint nova? have
been found in the spiral nebulse, thus proving that the spirals

and the Milky Way share this phenomenon in common. In the

great spiral of Andromeda a new star appears, on the aver-

age, every few weeks. These objects are thought to be distant

universes or remote Milky Ways, thousands of light-years in

diameter, and similar to our own Milky Way, which also

shows evidence of spiral structure.

It is now realized that when we use the word nebula we
mean one of three things, and if we apply it to one class

of objects we must logically refrain from using it in regard

to the others—so different are these three classes. Thus
modern science has taught us to look upon the sky, not as a

meager collection of a few thousand stars, but as a universe

teeming with vast nebulous clouds, rings and balls, and
gigantic pin-wheels.

The Rigidity of the Earth

Measuring Tides in a 500-Foot Pipe by Means of Interferometers

IN
1914 an account was given in the March number of the

Astrophysical Journal (Chicago) of the experiments made by

A. A. Michelson and Henry G. Gale, in the effort to determine

the degree of the rigidity of the earth. At that time it was
announced that the experiment would be repeated but that

the new test would be made by an interference method. The
new arrangements were completed and a new series of obser-

vations were begun on November 20, 1916, and continued for

one year. The reduction of the observations, however, was
interrupted by the war and could not be resumed until April,

1919. In December, 1919, the same journal published an

account of the result of these new researches. We summarize

this account in the following paragraph, omitting the more
technical portions.

The same pits and pipes on the grounds of the Yerkes Ob-

servatory at Williams Bay, Wisconsin, were used as in the

preliminary experiment. In that experiment pipes 502 feet

long and 6 inches in diameter were placed 6 feet underground.

One pipe was laid accurately N-S and the other E-W. The
pipes ended in pits 10 feet deep and 8 feet square, walled with

concrete. The pipes were carefully leveled, and half filled with

water, so that an air space extended from end to end of each

pipe, above the water. The pipes ended in air-tight gages,

provided with windows through which the changes in water

level could be determined by measuring with microscopes the

distance between pointers, just below the surface of the water

and their totally reflected images.

In the present experiment interferometers replaced the mi-

croscopes and pointers. The arrangement of the interferome-

ters, one at each end of each pipe, is shown in Fig. 1. The
compensating glass serves to seal the pipe. The lower mirror

is movable vertically and has also the usual adjustments for

regulating the width and orientation of the fringes. The
film of water over this mirror is kept thin, usually about 0.5

mm. as the viscosity of the water helps to dampen ripples and

minor disturbances. The changing thickness of the water

film, due to the tides, caused the shift of fringes. The arrange-

ment for recording the fringes was as follows : Horizontal

fringes were projected by the lens L on a narrow vertical slit

about 0.2 mm. In width. Clock work drew a motion-picture

film behind this slit at the rate of about 2 cm. per hour. In

order to prevent the condensation of moisture on the optical

parts the end of the pipe, interferometer, and camera were all

inclosed in a galvanized iron bar, in which large trays of

calcium chloride were kept. An incandescent light was con-

tinually burning near the interferometer to keep the tempera-

ture slightly raised.

Other interference arrangements are obvious which would
give a displacement of a greater number of fringes, or permit

the use of a shorter pipe ; e.g., the fringes formed between the

water surface and the lower mirror might be used, or the

lower mirror might be dispensed with and use made of the

fringes formed by the light reflected from the water and
the vertical mirror. But the arrangement actually used was
the most satisfactory, since the long pipes, 502 feet, were
already installed.

The sources of light were commercial alternating-current

Cooper-Hewitt mercury lamps. They proved very reliable and
satisfactory. By using as filters thin films of a saturated

solution of esculin in water, all wave-lengths from the arc

ffl3 «- (tQ

PIG. 1. ARRANGEMENT OP ONE OF THE INTERFEROMETERS

shorter than X 4,358 were absorbed, and the positive film used

was not sensitive to the longer wave-lengths. The exposed

portions of the films were removed and developed each week.
The light was abundantly strong for satisfactory negatives,

and it was possible to use 1.5 mm. diaphragms on the projecting

lenses. This gave sufficient sharpness to the fringes, even when
there was a considerable change in their focus. It was neces-

sary to readjust and refocus the fringes in only one pit during

the entire year, although the width of the fringes was altered

once or twice in two other pits. One of the mirrors required

resilvering. One of the pits ran throughout the year without

readjustment of the fringes or camera. The pits and cameras-

were in charge of Mr. George Monk and Mr. Frank Sullivan

of the Yerkes Observatory staff.

A relay which moved a shutter in front of the projecting
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lens was placed In each pit. The four relays were connected

in series with a clock in the observatory, so that the time

could be conveniently and accurately controlled. Once an

hour the clock made contact, and a storage-battery circuit was
closed through the relays and the light was cut off by the

FIG. 2. NORTH-SOUTH TIDES, MARCH 25 TO APRIL, 21, 1917

Dotted curves, observed values ; full curves, 0.7 of calculated values.

shutters for about 20 seconds. Very accurate time-marks were

secured in this way. The control clock was kept six minutes

faster than Central Standard Time in order to simplify the

computations and bring the observations into agreement with

them. (The longitude of Yerkes Observatory from Greenwich

is 5ho4ml3c.)

The films were measured by sliding them on a lathered

beneath a low-powered microscope. The fringes, estimated to

tenths, were counted as they moved up and down, and the

numbers recorded for each hour. The difference in the motion

at the two ends of each pipe gave the numbers for plotting the

observed tides.

The calculated tides were drawn from the computed shift

in fringes, the calculations being made for two-hour intervals.

The calculations were made under the direction of Prof. F. R.

Moulton by Mr. Albert Barnett and Mr. Horace Olsen. The
formulae are given in the accompanying article by Professor

Moulton, "Theory of Tides in Pipes on a Rigid Earth." The
value of /u for the water used was found to be 1.3408 for X 4358,

and this is probably correct to within considerably less than

0.1 per cent for the range of temperatures used.

Calculated and observed curves for the period from March
24 to April 21, 1917, are reproduced in Figs. 2 and 3. The
dotted curve represents the observed and the full curve (dis-

placed vertically to avoid overlapping) 0.7 of the calculated

values of the tides. The ordinate are numbers of fringes,

2(/t— 7)d,N = and one fringe corresponds to 1/1564 mm.
A

The observed and calculated curves were plotted on long

rolls of coordinate paper to the following scale: abscissae, 1

cm. = 1 hour ; ordinates, 1 cm. = 2 fringes. In order to have
the amplitudes equal, 0.7 of the calculated values were plotted

instead of the full amplitudes. Beginning with 10 A. M.,

November 20, 1916, the curves, both observed and calculated,

were divided into periods of 12h.42 for the semi-diurnal and
25h.82 for the diurnal lunar tides. The principal solar tide,

period twelve hours, was started at noon of the same day. In
order to avoid a cumulative error in the case of the semi-
diurnal lunar tide the period 12h.4206013 was put on a com-
puting machine and added repeatedly to the initial time to

get the exact beginning of each new period throughout the
year. This process was repeated, using the period 25h.8193409
for the diurnal lunar tide.

The observations were reduced in groups of about a lunar
month each, by dividing each period into ten equal parts
(twelve in the case of the solar tide), and taking the mean
of the first, second, third, etc., ordinates. The resulting values

were plotted and any error in computation was usually indi-

cated by the failure of a point to fall on a smooth curve.

It is important to treat the observed and calculated tides

both in the same way, as any distortion in the resulting sine

curves due to lack of complete elimination of other periods

affects the two alike. This is, of course, most noticeable iu

the case of the diurnal tide on account of its smaller ampli-

tude and the smaller number of periods. Mr. Fred Pearson

gave valuable assistance in measuring the films, in plotting

the curves, and in deducing the various tides from the curves.

Very little trouble was caused by sudden erratic changes in

the fringes. Occasionally, however, earthquakes would cause

the fringes to disappear for from ten minutes to half an hour.

Once the effects of an earthquake were evident for about six

hours. During three hours of this time the fringes were com-

pletely obliterated.

The most serious disturbance was a gradual change in the

slope of the observed curves. This would often be fairly uni-

form and gradual for a month or two. Sometimes the

curves would rise and at others fall. Sometimes the N-S and
E-W slopes had the same sign, and sometimes the opposite

signs. We have been able to discover nothing systematic about

this drifting. It may have been caused by unequal settling

at the ends of the pipes, by temperature changes in the pits,

or by tilting in the earth's strata. There were always large

shifts of the fringes when the lights came on after having

been interrupted by the power company for half an hour or so.

The final result indicates that the rigidity of the earth in

the N-S and E-W directions is the same1 and the ratio R is

0.690 with a probable error of = 0.004. That the viscous

yielding of the earth is small is indicated by the small differ-

ence in phase between the observed and computed tides. It

will be noted that the two solar tides appear to agree excel-

lently in phase displacement with the E-W semi-diurnal tide

and that for the N-S semi-diurnal, and probably also the E-W
diurnal lunar tides the phase displacement is definitely smaller.

However, for lack of a better method of finding the means
of the N-S and E-W phase displacement, each was averaged

as the ratios were, that is, simply by weighing them in pro-

portion to the amplitudes of the tides. This gives a displace-

ment in phase of the water tides in the N-S direction of -j-2°41'

and in the E-W direction + 4°34'. Although it seems certain

that the difference in phase is slightly larger in the E-W than
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FIG.3. EAST-WEST TIDES, MARCH 25 TO APRIL 21, 1917

in the N-S direction, a mean displacement of + 4°.0 is probably

correct to within 1°. If we take R = 0.690, the tides in the

actual earth are 0.310 of what they would be if the earth were
fluid, and the value of A <t> equal to 4.°0, for the displacement of

the water tides means that the earth tides lag behind the im-

pressed forces by this same amount.

^he preliminary experiment, through an error in computation, in-

dicated a difference in the rigidities in the two directions. This ratio

should have been 0.710 for both the N-S and E-W. See Science, Oct. 3,

1919, p. 327.



PIG. 1. WATKINS GLEN. FLUME-LIKE CLEFT RESULTING
PKOM CUTTING OF NORMAL VOLUME OF STREAM ON

ROCK OF UNIFORM RESISTANCE
In the foreground may be seen a typical pothole

FIG. 2. WATKINS GLEN. A SERIES OF INTERSECTED POT-
HOLES ILLUSTRATING THE PART THEIR DEVELOPMENT

HAS IN THE EXCAVATION OF GORGES
At the top the gorge has been widened by weathering

The Fascination of Waterfalls and Gorges
A Study of Pothole Grinding and Sluice Cutting in the Finger Lakes Region of New York

By O. D. von Engeln, Ph.D.

Assistant Professor of Physical Geography, Cornell University. Illustrated with Photographs by the Author

MOST Americans, apparently, when in the vacation mood,

turn instinctively to some place associated with water-

falls and gorges. It is only on such a basis that the

whole-nation popularizing of Niagara, the Yosemite, the Grand

Canyon of the Colorado and of the Yellowstone can be ac-

counted for. Thus, anyone who takes the trouble to make even

random inquiries will quickly learn that, even in the less ob-

vious instance of the Yellowstone, although the tourist crowd

is attracted there by the geyser marvel, it actually finds the

Yellowstone Falls and Canyon much more pleasing, and these

features of the park, rather than the geysers are what the

visitors wish to talk about after returning home. Hence it

is pertinent to ask: Why do falling waters so much allure

mankind?
On due consideration it would appear that the most plausible

explanation of the fascination exerted by waterfalls and rapids

in gorges is that these phenomena are among the few spectacu-

lar manifestations of dynamic Nature. One may, it is true,

hunt up a volcano in eruption and so experience a great thrill

;

the discharge of icebergs from a tidal glacier is also a stu-

pendous and thunderous exhibition of earth energy, as further

is the avalanching of snow and rock from mountain sides. An
earthquake, a tornado or a desert sandstorm is not, any of

them, a manifestation of Nature in motion that one willingly

seeks out to witness ; thunderstorms we encounter without

going away from home. With the exception then of phenomena

that may be grouped with falling waters as special cases,

these about exhaust the list of ways in which natural energy

is dynamically and spectacularly visible. Geysers come under

the general classification of falling waters and so do the ocean

waves when they break upon the shore. Accordingly, we may
conclude that among the relatively few aspects of Nature in

motion vouchsafed us, that of rushing water is at once the

most frequently encountered and most safe to view. Hence

the urge to seek out waterfalls and rapids; and with these

we find associated deep gorges and great canyons.

It may perhaps be objected that mountains have an entice-

ment for the vacationist that is equal to that of any waterfall

or gorge site. The argument is pertinent, but it should not

be forgotten that when the mountains are reached it is, by

preference, at a waterfall or gorge occurrence that camp is

pitched or that the hotel resort has been located. In any

event pilgrimages to such places from the camp or the hotel

are sure to be in order. Moreover the fact that the mountains,

in other words the high places of the earth's surface, are also

particular goals of the holiday seeker, may be adduced as

having a bearing on the popularity of waterfalls and gorges.

For by far the largest part of all the world's population lives

and has its being on the broad low plains' land of the earth.

Quite naturally, therefore, these plains' dwellers, when they

feel the need of a vacation, desire to look upon new and differ-

ent scenes; they seek to escape the placidity of wide and

302
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sluggish rivers and of level

acres, and to substitute for

this monotony of everyday en-

vironment white waters and

bold cliffs. That the leaping

waters and mountain topogra-

phy go together is not a

chance circumstance, for it is

only where the altitude above

the sea is considerable that

descents can be swift, where

waterfalls can occur in the

stream courses and where the

rivers with exceptional ero-

sive activity can carve out

gorges faster than weathering

can soften the angularity of

valley form that the river

processes create.

But it is not the chief pur-

pose of this paper to dwell

at length upon what, after all,

the reader has from the first

known to exist, that is, the

general lure of waterfalls and

gorges. In any event, Robert

Southey in his "The Cataract

of Lodore" has so completely

presented all the obvious ele-

ments in poetry that one could

scarcely hope to make them
more vivid in poor prose.

The fact, on the other hand,

that the great numbers of peo-

ple who visit waterfalls and
gorges only do so in response

to the more or less instinctive

craving already indicated, and
that, once there, they marvel

at what they see in an uncom-
prehending way, affords an

unpoetical physiographer a

FIG. 3. WATERFALLS DEVELOPED IN LAYERED ROCKS
PRIMARILY AS A RESULT OF A PROCESS OF POTHOLE

GRINDING AND INTERSECTION

quite adequate excuse for at-

tempting these paragraphs.

To put the matter succinctly,

it is my particular thesis to

point out that waterfalls and
gorges have each their pecul-

iar characteristics, that these

special characteristics are in

every different instance due

to some variation in the cir-

cumstances of their origin and

that appreciation of just how
this and that peculiarity came
to be will add much to the in-

terest of a visit to any of

these show places of Nature.

Further the study is not a

difficult one, and once its ele-

ments are grasped the appli-

cation to the actual site will

be easy.

While waterfalls and gorges

are found, as has been sug-

gested, in some frequency and
degree of development in prac-

tically all upland regions,

abundant occurrence within

any relatively restricted area,

coupled with sufficient height

and volume, in the case of

waterfalls, and of great

enough depth and length, in

the case of gorges, to be at

once interest compelling and
imposing is the rule only

where a particular and lim-

ited set of physiographic fac-

tors have been existent and
operative in the proper con-

junction.

The first essential is that of

a region of great enough ele-

FIG. 4. VIEW OF A SINGLE POTHOLE, SHOWING LOW
WATER STAGE, INEFFECTIVE FOR FURTHER

ENLARGEMENT
The current suffices for development of flume-like cut which may

in time join this pothole with one above

FIG. 5. SERIES OF POTHOLES WHICH HAVE REEN JOINED
UP BY UNDERCUTTING AND BY SLUICE GRINDNG OF THE

WATER RIBBON
The gravel bar is due to deposits of rock fragment tools below

the zone of swirling motion of the water
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vation above the sea to afford the possibility of notable

descents in short reaches of a stream course. A second is that

the rock material of which the heights are composed should

be varied in kind and structure so that the water will not be

able to wear down equally fast in all parts of its course. A
third is that either the uplift of the area shall have been so

recent and rapid that the streams will not have been able to

complete their down-cutting, or that, after such cutting had

perhaps continued long enough to eliminate waterfalls and

gorges some other agency shall have interposed to Introduce

new discordances of level in the courses of the streams.

It is where sedimentary ' or layered

rocks occur in alternations of sand-

stones, limestones and shales that no-

table variations in resistance to ero-

sion are encountered by streams.

Granitic types of rocks are apt to be

uniform over wide areas hence do not

afford streams the opportunity to cut

down faster in one part of their

courses than another; and it is this

condition, fundamentally, that gives

rise to waterfalls and gorges. Thus

many of the elevated regions of the

eastern United States are deficient in

waterfalls because they are of one

kind of sedimentary rocks, as the Cat-

skills—practically all sandstone, the

Adirondacks all granite types. More-

over these and other uplifted regions

to the south have been subject to the

action of streams for so long a time

without interruption that one-time

waterfalls and gorges have, in the pres-

ent physiographic stage of their devel-

opment, been largely eliminated.

There is however one plateau area

near to eastern population centers, the

Finger Lakes Region of central New
York, where all the postulated condi-

tions for the development of water-

falls are found and where as a result

they, and the accompanying gorges,

actually occur in such numbers as to

afford a great variety of individual va-

riations. Photographs of some of

these will serve to illustrate the points

to be noted in an interpretative appre-

ciation of such phenomena as has been

urged above.

The Finger Lakes Region of central

New York is part of the same uplift

that is in other parts of the country

called the Pocono, the Alleghany and

Cumberland Mountains. Like these so-

called mountains the Finger Lakes Re-

gion is made up of alternating layers

of sandstones, shales and limestones

and was subject to a long period of

erosion in an earlier age. But while

down-cutting has continued without in-

terruption in the case of the last three regions named, the

Finger Lakes Region was subjected to glacial action during

the time when immense glaciers from the north covered all

the northern part of the United States. A notable effect of

such glaciation was the great overdeepening of many of the

main valleys while tributary valleys were scoured out little

if at all. A first result of the overdeepening, particularly of

the north-south valleys that were in the direct line of ice

motion was the creation of a number of long and narrow lake-

basins from which the region derives its "Finger Lakes" name;

lakes which add an element of great charm to its broader

landscapes. A second effect was to leave most of the side

or tributary valleys with their rock floors terminating far

above the levels of the lakes., "hanging valleys" in the language
of the physiographer. Accordingly, immediately after the ice

had melted off, there must have been many waterfalls leaping

directly from the lips of such hanging valleys into the lakes.

But long enough time has elapsed since that event for the

streams to have cut deep gorges, back from the lake troughs,

anl it is in these gorges that the waterfalls of today occur and
they, and the gorges themselves, owe their particular charac-

teristics, in each instance, to the nature of the variation in

PIG. 6. LOWER PART OF LUCIFER FALLS IN ENFIELD GLEN
Note the cascading effect due to the joint plane system. The smooth rock faces are due to

the joint fissures extending across the face of the falls from the right

rock structure that the several streams encountered in their

making.

It will, perhaps, serve the purpose of an interpretative

study best to begin with a consideration of the special fea-

tures exhibited in Watkins Glen, primarily because the general

factors involved are there presented in simplest form for an

introduction to the appreciative understanding that we seek

;

also because Watkins Glen is quite well known to tourists

and has in recent years been made a public park by the State

of New York and provided with facilities, in the nature of

stairways and paths, to make all its length easily accessible.



December, 1920 SCIENTIFIC AMERICAN MONTHLY 305

The first illustration (Fig. 1) brings out very clearly the

several elements that are responsible for the characteristic

features of Watkins as distinguished from other gorges in

the region. It will be noted that the rock layers through the

whole vertical range that appears in the picture, are very uni-

form in kind, and thin-bedded. This is true of practically the

whole gorge. In consequence, the water, which was, at the

time the picture was taken, at about the normal volume of

flow, will be observed to have cut a narrow flume-like channel.

The stream had, from the end of the glacial period, a steep

descent, it was furnished with ample amounts of sand and

PIG. 7. JOINT PLANE GUIDANCE OP STREAM WITH A RIGHT-ANGLED TURN
Note the rectangular block of rock pried loose and temporarily lodged In the narrow chan

nel. This illustrates how the stream erodes such a channel. See also Fig. 8

gravel to serve as scouring tools, it flows usually about this

much volume, the rocks are of very uniform consistency;

hence the flume-like channel that has been carved. The slight,

"stretched-corkscrew" twist of this channel is presumably
inherited from the original departures of the stream from a

straight line course, accentuated by alternation in concentra-

tion of the force of the current, first on one side then the other

of the channel, while the rock cutting was being done.

The circular cavity in the foreground of the picture illus-

trates a typical pothole development. While potholes are

recognized at sight by the average tourist it is a curious fact

that their important relation to the general process of gorge

formation has not been sufficiently noted by scientific observers.

It would seem that a very large proportion of all the solid

rock, excavated by stream action in the making of many
gorges, has been removed as the result of pothole grinding.

Certainly this has been the case in certain sections of the

Watkins Glen, as will, for example, be apparent from a simple

inspection of the second picture (Fig. 2).

Any slight irregularity in the bottom of a stream, as it

flows over a horizontal bedrock surface, will suffice to initiate

a swirl in the water current. In consequence of this swirl

sand particles that are being swept

along the bottom will have imparted to

them a gyratory motion and the local-

ized grinding action that this occasions

shortly brings about the development

of a cup-like hollow. In this hollow

pebbles and bits of gravel are apt to

lodge. The normal current may be

sufficiently strong to swirl these peb-

bles as well as the sand, but not to lift

them out of the depression. Thus the

circular grinding is accelerated, and

the incipient pothole is made deeper.

At the same time the bottom is always

maintained as the widest part, he-

cause, within certain limits, as the

pothole is deepened the circular ero-

sion, acting to widen the depression, be-

comes increasingly effective ; since the

whole of the normal stream current is

eventually involved. If, next, it will

be conceived that a series of potholes

are started, at rather closely spaced

intervals in the length of the stream

course, it will be evident that in time

the bottoms of adjacent potholes will

be made to intersect each other, per-

mitting the flow of the water from out

of the upper into the next lower pot-

hole without needing to "boil" over

the top. Under such circumstances one

might except that a small natural

bridge would develop, and such a phe-

nomenon has actually been observed.

Ordinarily, however, the rush of flood

waters quickly effaces the narrow rock

barrier remaining and the conditions

shown in Fig. 2 result.

Note how clearly the rocks at the

left of Fig. 2 continue to show the

circular grinding action characteristic

of pothole development, though the

potholes have intersected for some
time. The little differences in rock

resistance of the thin layers and their

dividing planes have brought about a

very detailed fluting. Consider, fur-

ther, how much of the channel width

is due to the pothole excavation, as are

also the peculiar rock forms the chan-

nel exhibits. Finally note the contrast between the smoothed

rock surfaces in the lower levels and the weather-roughened

edges of the layers at the top and the change in form of the

gorge section marked by the line of separation of these two

effects. From this single view it will be very clear how gorges

in humid regions are, in time, widened out by the frost, decay

and solution processes of weathering.

Figs. 4 and 5 are "close up" views of other potholes in the

Watkins Gorge, the former of a single hole in what is proba-

bly its near maximum stage of development. The water cur-

rent at this period of low flow is not effective in excavating
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this pothole further, only at

times of high water can more
grinding be done here. The
small current shown is, how-

ever, meanwhile filing down a

narrow sluiceway like that in

Fig. 1 above the pothole, and

such action may, in time, suf-

fice to join up this pothole

with one above, and such a

development is suggested by

Fig. 5. The gravel bar in the

foreground of this picture is

interesting in that it shows
how the rock-fragment tools

that accomplish the pot-hole

grinding are deposited by the

slower current below the zone

of swirling motion.

Once initiated, potholes very

quickly attain sufficient width
to involve the whole flow of

the stream, as is very clearly

apparent from the several pic-

tures already considered. The
normal pothole grinding is

partly responsible for this but
it seems that it is only where
potholes occur in stream
courses with a steep descent, over rock masses of uniform
structure, and develop in series that their excavation actually

determines gorge characteristics. Under such circumstances
the farthest downstream member of a pothole series will, in

time, have its lower wall deeply breached by the sluice grind-

ing, illustrated in Figs. 1 and 5, so that, in consequence of the

lowering of the water level in it, as a result of the breaching

a small waterfall will

develop at its upper

side. The effect of

the creation of the

waterfall will be to

accelerate greatly
the deepening of that

pothole, for the

whole current of the

stream will now be

involved, and the

force of the entering

current much en-

hanced by its vertical

plunge. In fact large

potholes are quite

generally plimge-

pool developments.

As the breaching of

the lower side of the

pool continues the

fall necessarily be-

comes higher and ex-

cavation at the bot-

tom of the pothole is

further accelerated.

In time, however, the

barrier between the

lowest pothole and

its neighbor next up-

stream is cut through

to a considerable

depth, and then part

of the plunge-pool ac-

celeration of excava-

tion is transferred to

PIG. 8. UPPER ENFIEDD GLEN SHOWING THE REMARKABLY
STRAIGHT AND ARTIFICIAL-APPEARING WALLS AND
CHANNEL DUE TO EROSION GUIDED AND DETERMINED

BY RECTANGULAR JOINT PLANE F1SSURING

FIG. 9. ITHACA FALLS, SHOWING THE VERY STRIKING STAIR-STEP EFFECT
DUE TO SUCCESSIVE QUARRYING OUT BY THE STREAM OF PRISMATIC

BLOCKS OF ROCK

this next-upstream hole ; for

a waterfall will be created at

its upstream side at the ex-

pense of the height of the

waterfall into the lowest pot-

hole. If, then, the rock bar-

rier between the lowest pot-

hole and its next-upstream

neighbor is narrow the widen-

ing of the second pothole, now
going on apace, may very

quickly cut this separating

rock dam almost completely

away, and the two potholes

will intersect. These effects

are extended to the whole se-

ries of potholes, and the gorge

acquires its distinguishing

characteristics as a result.

The process, as set forth in

words, may seem rather com-

plicated but so many phases

of its progress are illustrated

by the four Watkins pictures

that its application will be

quite clear.

The farthest upstream
member of the pothole se-

ries will be the last one to

be affected by the breaching and intersection process. Accord-

ingly, it will have the longest time of any in the series to

develop and, as the rock mass upstream is continuous, there

will be no breaking down of its upper wall by intersection.

Its waterfall height will only diminish therefore as the

slower sluice-grinding process cuts a groove. On the other

hand, the lower members of the pothole series may, in the

meanwhile, become

almost completely

joined and thus the

total depth of their

excavation is eventu-

ally measured in the

plunge of the single

waterfall into the

head member of the

pothole series. Thus
a waterfall of quite

respectable height is

created, simply by a

process of pothole

grinding and inter-

section.

Such a result has

been achieved in

Watkins Glen at the

point shown in Fig.

3.

Note that, in the

section above the

level of the walk,

weathering, particu-

larly frost action,

due to spray from

the falls, is doing its

part in widening out

the cavity. In other

words, the pothole

excavation is here

supplemented by a

typical waterfall

process in the open-

ing out of an amphi-
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theater-like section in the gorge below the point of occurrence.

Though such a conclusion would need to toe confirmed by

a much more extended series of observations than the writer

has had opportunity to make, it is not improbable that water-

falls of significant size can be developed only by intervention

of the pothole grinding process, as described above, in areas

where the bedrock is of uniform resistance through all the

vertical range involved in the descent of the stream course.

If such interpretation is correct then in it may, perhaps, be

found the clue to the occurrence of the highest single falls in

the Finger Lakes Region, that of the Taughannock Falls, in

a gorge of the same name that opens into Cayuga Lake from

the west. Though readily accessible by railroad and hard

road, this gorge and falls are not nearly so well known as

Watkins; yet they are quite as interesting and more impres-

sive. Very few places in the United States east of the Rockies

afford the spectacle of a gorge with vertical rock cliffs, over

300 feet high and a waterfall with 215 feet straight drop from
crest to pool. What is more surprising is that this gorge and

falls have developed in very fragile shale rock. As will be

noted in the frontis-

piece there is no va-

riation in the struc-

ture of the rock at

the brink of the falls

that might account

for their presence as

the result of differ-

ence in rock resist-

ance to stream ero-

sion above and below
the cataract. More-
over the gorge walls

below the falls are

nearly vertical for

quite a distance

downstream. Since

the rock material is

so little resistant as

to be easily worn
and weathered the

existence of these

high, steep walls

proves that the gorge

must have been exca-

vated very rapidly.

This fact and the

uniformity of the

rock suggest the ori-

gin of these great

falls to toe due to

pothole grinding, the evidence of which has, however, now
been effaced ; the development of the gorge at present being

due to the enlargement and recession of the amphitheater

below the falls as a result of plunge-pool undercutting, coupled

with solution and frost action ; accentuated at this point be-

cause of the large volume of spray from the hurtling waters.

The abundant occurrence here of vertical fissures, joint planes,

dividing the rock into block-like masses, and giving rise to

the very smooth rock faces at either side of the gorge, near the

level of the crest of the falls, may have been a significant

factor also in the origin of Taughannock.

But Taughannock Falls is admittedly something of a puzzle,

an occurrence that the amateur interpreter of gorges and falls

is not apt to encounter. By far the larger number of all

waterfalls and cascades owe their existence to the presence

of rock materials of markedly different resistance to erosion

in the courses of streams having relatively steep descents.

Niagara is the type example of such a development, and,

while Niagara itself is some distance outside the Finger Lakes

Region of New York, there are, in the latter area, many falls

and gorges of essentially the same origin and characteristics ; if

FIG. 10. A PICTURESQUE PALLS IN ENFIELD GLEN
Note the more durable layers of rock at the crest of the falls and a little

below. Note also the notching of the right side of the brink of the falls by sluice

grinding of the thin layer of comparatively soft rock.

less magnificent than Niagara then at least much more pic-

turesque. Such, for instance, is the example illustrated in

Fig. 10, a falls found in Enfield Glen. It will be noted that

the level of the crest of the falls is marked at the right by a

layer of more durable rock than the average of the section

and, further, that while this, relatively thin, durable layer

has been notched (on the right) by the sluice grinding of the

stream another, thicker, durable layer, a little way down
from the top, is resisting much more successfully and the

water makes a new leap from the level of the shelf this layer

forms in the face of the falls.

The history of this most common type of waterfall is very

simple. A stream with steep descent deepens its channel by
wearing away the bottom. If in the course of this process it

encounters a mass of rock more durable than the average, the

rate of down cutting is slowed up at that point in the course.

At first such checking at one point will not affect the rate

of wearing down, either above or below the point of encounter.

But if the resistant layer, or mass, is sufficiently durable to

persist for some time, yielding, comparatively, very little to

wear, then all the

less resistant mate-

rial, upstream from

the point of first en-

counter will be exca-

vated down to the

level of the top of

the durable mate-

rial; but no lower,

for this level will

mark, for the time

being, the limit of

downcutting possible.

Accordingly there
will develop up-

stream from the

point of encounter a

gently-sloped course,

only sufficiently steep

to permit of the flow

of the water in trans-

porting its sediment

load. But the stream

below the point of

encounter with the

durable mass is not

so handicapped in its

downcutting activity,

and rapidly exca-

vates the less resist-

ant material there

found. Thus a markedly steeper declivity is very quickly

created below the point of emergence of the durable rock and
the increased velocity of the water over this declivity further

accelerates the erosion.

As soon as even a short vertical fall is established a plunge-

pool will begin to be hollowed put at its base and the effec-

tiveness of the downcutting of the stream course below the

fall much increased by this type of pothole development.
Moreover, in the case of horizontally layered rocks or layered

rocks inclined slightly upstream, the undercutting, resulting

from the plunge-pool excavation will cause the crest of the

falls to recede upstream by undermining the resistant layer

to such an extent that pieces of it must drop off from time

to time. The eventual effect of this process will be the de-

veloping of a steep-walled gorge section in the course of the

stream, the origin of which may be betrayed by remnants in

its bottom of the series of plunge-pools that contributed to its

making and were successively abandoned as the falls moved

upstream. If the layered rocks of different resistance incline

down stream, the more durable ones will bring about the for-

mation of rapids with a slope downstream as steep as the
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inclination of the resistant layer. If the fall-creating rock

extends as a vertical barrier across the stream course then

the waterfall will always remain at the point where it was
first formed ; the gorge below will first attain the maximum
depth permitted by the conditions of the stream course below

the point of the fall occurrence, and then, as time goes on,

the falls will be gradually reduced in height because of the

slow wearing down of the top edge of the resistant barrier.

Enfield Glen is not even so well known as Taughannock
Gorge, and much less so than Watkins Glen, although in many
respects more attractive than either of these. The lesser fame
of Enfield is due to the fact that, until recently, it has been

with difficulty accessible. Within the past few years, how-

ever, a State road has been built to within a quarter mile

of its head and the gorge itself has been provided with

paths and bridges and presented to the State of New York
for a public park by the former owner, Mr. R. H. Treman,
recently Deputy Governor of the Federal Reserve Bank of

jNew York City. As this new State park lies only a short

distance off the shortest route of motor travel over macadam
highways between Buffalo and New York City it is quite

probable that Enfield Glen will be visited by a much greater

number of tourists in the near future.

A stop at Enfield Glen will be repaid first by the sight of the

cascading waterfall shown in Fig. 6. This fall has a total

height of over 200 feet, much higher than any in Watkins, and
possessed by a setting of extraordinary natural beauty. The
rocks in Enfield also differ from those at Watkins in that they

vary in resistance sufficiently to give rise to a number of

smaller falls of the same type as this largest cascade. But
the particular interest of Enfield is the gorge itself, for this

shows, most remarkably, the effect of evenly and strongly

developed joints on the guidance of a stream course, as

illustrated in Figs. 7 and 8. The very artificial appearing,

straight-walled reaches that appear in these pictures, the re-

markably sharp, right-angled turn in the course of the stream
and the uniformity in width of the channels are all three

features due to the presence of an evenly spaced, uniformly
developed and persistent system of joint planes, or vertical

fissures extending through the rocks at right angles to each
other and, as it happens, oriented very nearly with the cardinal

directions. In times of high water the force of the water, on
occasion, is sufficiently great to pry and push loose the

angular blocks of rock because of their separation by the

joint planes and once detached from their foundation these

blocks are shoved along until they are battered to pieces or

perhaps toppled over the edge of one of the falls and broken
into fragments.

Enfield Glen is remarkable, therefore, because of the ex-

ceptional degree in which the single factor of the joint plane

system of the rock structure there has been a dominant
feature in determining its particular characteristics. The
effect of thick masses of rock, essentially of one kind, in

governing the nature of gorge erosion has been noted as the

particular feature of Watkins Glen, and Watkins therefore

illustrates the simplest case. Differences in resistance of the

rock material encountered by the stream in its downcutting

result primarily in the development of falls and rapids. The
third factor, the jointing of the rocks, accordingly as it is

markedly or only slightly, regularly or irregularly developed,

affects both the general form of a gorge and its particular

features.

Thus while the differences in resistance of the different

layers of rock in Enfield Glen have been sufficient in degree to

make for the initiation and preservation of waterfalls of

considerable height, as a consequence of the stream's erosive

action, the joint planes have determined the particular form

of these falls. The outline of the crest of Lucifer Falls for

instance is determined by a resistant layer that forms a right-

angled projection, and this projection is due to the fact that

each of its sides is the result of a line of cleavage due to a

joint plane. The block of rock now at the edge is cut off

from the rest of the bedrock upstream by other joint fissures

parallel to those of the crest, and, in time, when undercutting

at the front of the falls has sufficiently undermined this block,

it will crash down and the falls will then suddenly pour
through the corner of a reentrant angle as is at present the

case with Taughannock Falls. About thirty years ago
Taughannock Falls had a projecting edge like that which
Lucifer Falls has today. The Taughannock change was not as

sudden or as marked as that of Lucifer Falls in Enfield Glen

is likely to be, for, as will be noted in the picture of Taughan-
nock, the jointing of the rock there is quite closely spaced

and the rock itself does not vary greatly in resistance over

the whole vertical range marked by the height of the falls.

It would be interesting to introduce here a number of illus-

trations to give some idea of the great variation in form of

falls and gorges that is ascribable to differences in the joint

system of the bedrock masses involved. But one more in-

stance must suffice, all the rest will provide the interested

reader with an opportunity for personal observation and
elucidation at the sites where encountered. Fig. 9 is a view
looking down on the top of Ithaca Falls in Fall Creek, adja-

cent to the Cornell University campus. Here the set of joints

that are parallel to the crest of the falls is strikingly devel-

oped and, in conjunction with the horizontal planes of the

layering of the rock, have brought about the removal of the

rock in rectangular prisms of considerable length. Hence
there has developed the quite unique stair form that the top of

this falls presents.

In conclusion, while hoping that this analysis of the fac-

tors that are involved in the development of gorges will pro-

vide readers with a basis for their appreciation somewhat more
discriminating than that on which the lure of such phenomena
for the average tourist depends, it may not be amiss to add a

word of caution. Do not, in the enthusiasm for visting water-

fall and gorge sites that these lines may engender, permit your-

self, if you are an unmarried feminine person, to get into the

predicament of one girl who had sought out Watkins Glen.

After seeing its wonders she exclaimed tragically, "Now I

can't get married ; I've been to Niagara and to the Yosemite
and here I am at Watkins; there's now no place left to go

to on a wedding trip !"

DEVELOPING NIAGARA FALLS WITHOUT MARRING
ITS BEAUTY

Although the Horseshoe Falls discharge sixteen times as

much water as the American Falls and have a crest line two

and six-tenths times as long, yet they are often held to be

inferior as a spectacle to the lesser American Falls. The
cvest line forms a deep curve which makes it impossible to

see more than about one-half of these falls at a time except

from one viewpoint in Canada. In the central 1,000 ft.

(300 m.) of the crest line, situated deep in the curve, more
than 80 per cent of the flow over the falls plunges down over

the cliff behind a thick cloud of mist. Perhaps more than

one-half of the water flowing over this cataract adds nothing

at all to its grandeur. The ends of the crest line are never

well covered with water and frequently are bare. One
remedy would be to construct a submerged dam or weir in

the center of the rapids just above the crest of Horseshoe Falls.

This would spread the water away from the center to the

ends. With this done the inequality of flow over the two

falls could be partly remedied without detriment to the

Canadian Falls by forming a low submerged weir between the

upper end of Goat Island and the Canadian shore.

If these remedial works are provided, it is believed that a

total diversion of 80,000 sec. -ft. (2,240 cu.m. per second) may
be made around the falls and 40,000 cu.ft. (1,120 cu.m.) per

second around the Whirlpool and Lower Rapids without injury

to the scenic beauty.—Abstract from an article by Col. J. G.

Warren in the Electrical World, Aug. 14, 1920.



Some Future Problems of Chemistry
Inventory of Our Natural Resources and the Coming of the Aluminum Age

By Ingo W. D. Hackh A. B., Ph. D.

Professor of Chemistry, College of Physicians and Surgeons of San Francisco, Cal.

THE two fundamental material sciences, chemistry and

physics, are now passing through a far-reaching change

which unfolds to man's perception the sub-atomic world.

The atoms, the bricks of the material universe, have become
firmly established as chemical units and modern science is

beginning to dissect them into physical units and enter into the

mysteries of their structure. Incident with this opening of a

new field of physical and chemical research is the theoretical

completion of the system of matter as expressed in the periodic

law of the chemical elements. From the completed periodic

system1
it becomes possible to predict that only five more

elements between hydrogen with the lowest, and uranium with

the highest atomic weight, wait to be discovered,2 and that

the total number of elemental species upon our earth seems to

be restricted to ninety-two. Having thus found that only 92

elements or different types of atoms are possible, the next

step is the inquiry into their relative importance as shown by

their abundance upon the earth surface. From a multitude

of analytical data Dr. F. W. Clarke has calculated the average

composition of the lithosphere (rocks, minerals and soils),

hydrosphere (oceans, lakes, rivers), and atmosphere,3 and
from these data compiled the average composition of the

known terrestrial matter, that is, the solid, liquid and gaseous,

substances of the earth crust extending to a depth of tern

miles into the interior. This inventory proved conclusively

that the elements most abundant in nature are always present

in living matter, the biosphere,4 nearly 98 per cent of which
constitutes the four elements, carbon, hydrogen, oxygen and
nitrogen.

A study of the relative abundance and distribution of

chemical elements reveals some interesting facts6 which may
serve as guiding stars in the future evolution of mankind.

The far-sighted business man and inventor as well as the

statesman and economist will profit by an examination of the

problems of science. One of the fundamental problems of

applied physics is the utilization and transformation of energy

other than that of coal. This has been discussed in a charm-

ing way by Professor Soddy in his booklet on "Matter and

Energy." The fundamental economic problem of applied

chemistry, however, is the efficient utilization of the available

materials of the earth. Thus e.g. the use of crude oil as fuel

has often rightfully been called wasteful, for in burning the

oil the storehouse containing treasures for the organic chemist

goes up in smoke. The ever growing consumption of iron and
steel has led some writers to calculate from the present known
resources the day when the supply of iron ores will have been

exhausted. True, the present generation need not be alarmed
that the bountiful fountain of nature will cease to give forth

its useful materials, but it is for the preservation of some
future civilization that a lavish consumption of natural re-

sources should be avoided.

A retrospect into man's past evolution gives an aspect of

the future. For example the epochs of history have been

given the names of the most useful or most used metals. So

prehistoric man of the stone-age utilized metallic gold, picked

up here and there in the river beds and mountain sides and

used this malleable nugget for his primitive needs and chiefly

for ornamentation. No further treatment save mechanical

skill was necessary in the utilization of this metal. Next
in time came the copper age. The metallurgy of copper beiny

'See also Scientific American Supplement, Vol. 87, p. 146, 1919.
2Amer. Journ. of Science, Vol. 46, p. 481, 1918.

»U. S. Geolog. Survey Bull., 616, 1916.

*Journ. General Physiology, Vol. 1, p. 429, 1919.
5See Science Progress, Vol. 14, p. 602, April, 1920.

relatively simple, for by wood fire alone the proper ores could

be transformed into metallic masses and consumed. The
scarcity of native copper and suitable copper ores probably led

to the addition of other metallic ores and initiated the won-

derful bronze age, which flourished in some localities in his-

toric time. Then followed the iron age which required greater

technical and chemical skill and led into the present steel

age with its complex metallurgy which is a science in itself.

Thus from gold through copper to bronze, then to iron and

steel, has been the march of civilization ; each step requiring

more complex and intricate chemical knowledge.

If evolution is the progress from the simple to the complex,

then the future age will probably see the rise of aluminum and

its alloys. The metallurgy of aluminum is quite complicated,

and although in its infancy at present it has prospects of tre-

mendous possibilities. E.g. aluminum alloys practically with

every metal and some of these alloys have properties not at-

tained by steel; there are alloys hard and soft, rigid and

elastic, tensile, ductile, malleable and nearly all of low spe-

cific gravity, some of which are already irreplaceable in the

airplane industry. Furthermore, the storehouse of nature

contains twice as much aluminum as iron if measured by

weight, and nearly four atoms of aluminum for every atom
of iron.

The later statement is perhaps best illustrated by the fol-

lowing table which shows the order of distribution of the 25

ABUNDANCE OF CHEMICAL ELEMENTS UPON THE
KNOWN EARTH SURFACE

1.

2.

3.

4.

5.

6.

7.

S.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

All

Abundance by

weight

Oxygen 50.02

Silicon 25.80

Aluminum 7.30

Iron 4.18

Calcium 3.22

Sodium 2.36

Potassium 2.28

Magnesium .... 2.08

Hydrogen 95

Titanium 43

Chlorine 20

Carbon 18

Phosphorus ... .11

Sulfur 11

Fluorine .10

Barium .08

Manganese 08

Nitrogen 03

Chromium 028 %
Strontium 017 %
Nickel 019 %
Vanadium 015 %
Zirconium 015 %
Lithium 003 %
Bromine 001 %
others 392 . %

7o

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
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2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Relative abundance

of atoms

Oxygen 249,850

Hydrogen 75,312

Silicon 72,860

Aluminum 21,528

Sodium . .

.

Magnesium
Calcium . .

.

Iron

Potassium .

Carbon
Titanium .

Chlorine . .

.

Fluorine .

.

Phosphorus

Sulphur . .

.

Nitrogen .

.

Manganese
Barium . .

.

Chromium .

Nickel

Vanadium .

Lithium .

.

Strontium .

Zirconium .

Bromine . .

.

8,200

6,835

6,422

5,982

4,660

1,199

,714

451

421

283

274

171

116

46

46

26

23

22

16

13

1

100.000%

most abundant elements. In the first column is given the

percentage by weight, taken from the calculations of F. W.
Clarke3

, but as explained elsewhere5 the chemical meaning of

these numbers are obtained by division with the respective
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atomic weights. The resulting numoers show, then, the relative

abundance of the atoms, and in the second column this atomic

abundance is given with regard to one bromine atom. From
these numbers it can be deduced that e.g. for each carbon

atom there are about 5 iron atoms, 18 aluminum atoms, 208

oxygen atoms, and so on. This table represents an inventory

of the terrestrial supply of the most common elements for the

total percentage of all other elements is only 0.39 per cent.

Nature's most abundant metal is thus aluminum ! The
ever increasing importance of this metal can be predicted

not only by historical data as outlined above but also by
statistical data. Thus in the United States the consumption
and production of aluminum increased as follows

:

1885 283 pounds (p)

1890 61,281

1895 920,000

1900 7,150,000

1905 11,347,000 " (c)

1910 47,734,000

1915 99,806,000

(p) = production ( from Mineral Resources of the United

(c) = consumption^ State, 1915, page 167.

The rapid growth of the aluminum industry is further shown
in the comparative diagram of the metals industry in the

United States in which the aluminum curve for the last ten

years is steeper than all other curves and indicates therefore

the largest relative growth.
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THE RAPID GROWTH OP THE ALUMINUM INDUSTRY

The diagram shows further that e.g. the production of gold

remained practically stationary, silver! a steady increase,

mercury a periodic slow increase, copper and zinc since 1914

a rapid increase, caused by the war activity, and finally

iron ore and pig iron a periodic and steady increase. All of

these curves are however overshaded by the rapid rise of

the aluminum production ! The ever growing importance of

aluminum thus established, it remains for the inventive genius

to devise more economic methods of production. Practically all

aluminum of today is made electrolytically from bauxite, but

there is the great possibility of extracting metallic aluminum
from the abundant silicate rocks, such as feldspar, leucite,

and sericite. Some of these processes yielding potash and
sodium salts in addition to alumina have already been pat-

ented. For successful economic exploitation of such processes

there is, however, much work for the inventive chemist.

Another element with a prominent future will be silicon,

which is next to oxygen the most abundant element. As a

cousin to carbon it has similar properties and considering the

complexity and galaxy of carbon compounds what untold riches

may be expected from the chemistry of silicon compounds!
Industry has hardly begun to draw on its possibilities and yet

it has already become indispensable in many ways. Silica or

quartz (Si02 ) is used in a number of ways in the manufacture
of various products; silica utensils are the ideal material for

chemical and physical instruments. Waterglass is likewise

extensively used in industry for various purposes. Carborun-
dum is next to the diamond the hardest substance. But the

development of the organic silicon industry is still in its

infancy and should likewise offer an attractive field of research.

Sodium and potassium are likewise abundant. While their

salts are utilized daily in every branch of industry, the free

elements are but little used. As they are chemically the most
active metals, and physically the most electro-positive sub-

stances, their utilization on a large scale should offer advan-
tages. The peculiar photo-electric behavior of these two
metals might be utilized by some ingenious inventor for the

transformation of sunlight or solar energy into electrical

etnergy—the solution of this problem would revolutionize our
civilization and mark a new epoch in physical history.

The next abundant elements are calcium and magnesium.
Their alloys with aluminum have the great advantage of light-

ness, magnalium having a lower specific gravity than either

aluminum or magnesium. The industrial development of

, these alloys will prove beneficial to the automobile and air-

plane industry. At present metallic magnesium is but little

used. During the war it served in aerial bombs and rockets

to light up the country at night, and as constituents of shells to

indicate the location of bursting shells by their white smoke.

A small quantity is used for flashlight and in the chemical

laboratory. But the properties of metallic magnesium as a

deoxidizing agent should be utilized to a much larger extent

in industry. Metallic calcium is practically unused, yet its

chemical and physical properties are bound to secure in future

a more prominent place for this metal.

To the abundant elements belongs also the semi-metal

titanium, but the element is practically unknown in industry.

Titanium oxide occurs in nature as rutile and with iron as

ilmenite. Small quantities of titanium ores are used in

making ferrotitanium and cuprotitanium which are employed

in the manufacture of electrodes for arc lamps and also in

the steel industry. Considering its relation to silicon and

carbon this element deserves more attention. Some of its

salts are used in dying leather and textiles, but undoubtedly

the properties of this element can be utilized in other ways.

It is safe to predict that the development of the chemistry of

titanium and its compounds will bring forth many new and
useful applications.

Among the other metals in the list of abundant elements are

also manganese, barium, chromium, nickel, vanadium, stron-

tium and zirconium—all of them comparatively little used in

the arts and industries. On the other hand the commonly
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known metals—copper, lead, zinc, silver, mercury, gold and

platinum—are not in the list of abundant metals. To gain an

insight into the present importance of these metals the follow-

ing shows the estimated production in 1915 in the United States

:

Titanium (rutile) 250 tons

Manganese (ore) 8,708 "

Barium (barytes) 108,547
"

Chromium (chromic-iron ore) 3,281 "

Nickel (metal) 822 "

Vanadium (metal) 470 "

Lithium (minerals) 200 "

Strontium (nitrate) 520 "

Zirconium and Thorium (ore) 22 "

Copper (metal) 694,005 "

Lead (metal) 507,026 "

Zinc (metal) 458,135 "

Silver (metal) 3,124 "

Mercury (metal) 789 "

Gold (metal) 204 "

Platinum (metal) 0.3
"

An examination of this table reveals the desirability of de-

veloping the metallurgy of the more abundant metals and

increasing their production and consumption. The problem of

the inventor is then to substitute the less abundant metals, as

present extensively used, by the more abundant metals, at

present little used. Thus the consumption of copper is ex-

tremely large and should and could be replaced in part by
nickel. Lead might be replaced by zirconium and titanium.

Manganese, chromium and vanadium might take the place

of lead and zinc in electrical appliances. The logical conclusion

from a study of the tables will lead to the somewhat dog-

matical statement that the consumption of copper, lead, and
zinc should be curtailed, while the production and consump-

tion of titanium, manganese, chromium, vanadium, zirconium

and especially nickel should be increased. Few have seen

the latter metals in their elemental form, and to many even

the name is unfamiliar. Considering, however, that 70 years

ago aluminum was a laboratory curiosity, a pound of which

was priced at about $400, there is hope that some day the

now expensive although abundant metals will be within the

reach of commercial and industrial exploitation.

The Chemistry of the Brain*
A Difficult but Fascinating Field of Chemical Research

By Clarence Jay West

T"HE brain and nervous system control, either directly

by nerve impulses or indirectly through the blood

stream, the metabolism and activity of all the other

tissues of the body. They are, therefore, the master tissue

of the body." While the nervous tissue comprises a relatively

small part of the entire body, its superior reactivity or irrita-

bility enables it to control or set the pace for the other tissues.

The chemistry and metabolism of the nervous tissue are

from almost every point of view the most absorbing and inter-

esting of the problems of physiological chemistry. Matthew
in his text-book states that the whole of evolution is character-

ized by the steady development of the nervous system, and by

the steady development of no other tissue. The power of

. adapting the organism to a changing environment has been

solved by the development of a tissue of the body which should

be most irritable, which should control the other tissues, and
which, having memory, could profit toy experience. It is by

means of his nervous system, and in that respect alone, that

man stands at the summit of the animal world.

In spite of the importance and fascination which this study

should possess, we know comparatively little regarding the

chemical composition of the brain and the properties of the

substances which are characteristic of nervous tissue. Much
of our present knowledge is due to Thudichum, who worked
comparatively unknown and entirely unappreciated, owing to

his unusually combative nature, for many years (about 1865

to 1875) in England. The results of his investigations were
published in the form of reports during this period, and later

were collected in the form of a book under the title "The

Chemical Composition of the Brain of Man and Animals."

Among the later investigators in this field we may mention

Koch, Frankel, Rosenheim, MacLean, Thierfelder and Levene.

Our methods for analyzing the proximate constituents of

the brain are far from satisfactory at the present time be-

cause of the complexity of the material in question. The fol-

lowing figures represent in a rough way the composition of the

gray and the white matter

:

Gray White

Water 85.3 70.2
Protein 7.6 8.6
Lipoids • 3.1 18.1

Water soluble 5 1.4

•Reprinted from Chemical and Metallurgical Engineering, July 28,

1920.

Whole Brain Corpus
(Adult) Callosum

37.1 27.1
6.7 3.9
4.2 2.4

27.3 31.0
13.6 18.0
0.3 0.5
10.9 17.1

The composition of the solids of the human brain is given

by Koch as follows, the figures being per cent of dry matter

:

Whole Brain
(Child)

Protein 46.

6

Extractives 12.

Ash. 8.3
Phosphatide 24 .

2

Cerebrcsides 6.9
Lipoid sulphur 0.1
Cholesterol 1.8

The protein material of the brain is, of the same general

composition and nature as that found in the other parts of the

body. If there is anything characteristic about it, it is the

presence of normal amino-caproic acid. This is a matter

probably of not very great significance, and it is unlikely

that this acid is found only in brain protein.

The characteristic property of nerve tissue which differen-

tiates it from all other tissues of the body is the presence of

a large amount of ether and alcohol soluble material, which

has been called by the collective name lipoids. The scope of

this term varies with various investigators, but in general it

has been used to include cholesterol, the nitrogen-containing

bodies and the nitrogen and phosphorus-containing bodies. It

is probable that there also exists a sulphur-containing body in

the brain, but whether it contains in addition only nitrogen

or whether it contains both nitrogen and phosphorus has

not been determined. .

CLASSIFICATION OF KNOWN BEAIN SUBSTANCES

The following classification represents our present knowl-

edge of the substances which have been definitely established.

The literature of lipoids is very confusing, because names have
been given to bodies which are mixtures of two or more of

these, or which contain other impurities.

I. Cholesterol. Really this should not be classed as a lipoid,

and is included only because it occurs in the alcoholic extract

of nervous tissue.

II. Cerebrins. (Nitrogen-containing) a. Phrenosin. 6. Cera-

sin.

III. Phosphatides. (Nitrogen and phosphorus-containing.)

1. Ratio of N :P = 1 :1. a. Lecithin, b. Cephaiin.

2. Ratio of N:P = 2:1. Sphingomyelin.

IV. Sulphur-containing compounds.
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Let us first consider the lipoid materials by studying their

methods of isolation. The fresh brain matter is carefully

freed from the covering tissue, washed, ground in an ordi-

nary meat grinder, and dried im vacuo. This drying is usually

carried out at 95 to 100 deg. C. The dried material is then

ground to a fine powder and thoroughly extracted with hot

alcohol. This removes all of the lipoid material, although as

the process of purification continues a large part of it becomes
insoluble in alcohol. Upon cooling the alcoholic extract, a

large amount of the cholesterol and a certain amount of the

nitrogen and nitrogen- and phosphorus-containing bodies sepa-

rate out.

The filtrate will contain the greater part of the lecithin and
cephalin. This is evaporated to dryness or to a thick syrup in

vacuum and poured into acetone. This procedure precipitates

all of the lipoid material and is a means of separating this

from the fats and cholesterol. Because of the solubility of

the lipoids in one another, this lecithin mixture will contain a

considerable amount of the cerebrins and some sphingomyelin.

The latter are insoluble in ether, and, therefore, extraction

with ether will remove the lecithin and cephalin. Cephalin is

insoluble in alcohol, and by dissolving the lecithin-cephalin

mixture in ether and pouring this solution into alcohol, we are

able to effect a certain separation of lecithin and cephalin.

The procedure is very tedious, but finally results in the prepa-

ration of a cephalin which is free from lecithin. The prepara-

tion of a pure lecithin involves a considerable amount of

additional work.

The mixture of cerebrins and sphingomyelins may be sepa-

rated by a complicated system of precipitation and fractiona-

tion, involving the use of acetic acid, petroleum ether, alcohol,

and pyridine. The details of this method have been worked

out by Levene and will not be given here.

The sulphur-containing body is found in the same fraction

as the cerebrins, and all attempts to obtain a product which is

rich in sulphur or which is constant in composition have been

unsuccessful.

We thus see that, in general, the lipoid material may be

separated into two groups, the solid, almost crystalline (cere-

brins and sphingomyelins) and the sticky amorphous lecithin

and cephalin. Without going too deeply into the organic

chemistry of these bodies, let us look briefly into their chem-

ical composition. Lecithin, which is probably the best known
of all of these bodies, is a glyceride which contains one mole-

cule of stearic acid, one molecule of an unsaturated acid,

which probably belongs to the oleic acid series, while the

third hydroxyl of the glycerol is esterified by means of phos-

phoric acid, which in turn carries a choline residue. That is,

the lecithin molecule may be represented by the following

formula

:

CH^-OOC-C^H^

CIH-OOC-C17H31

O OH
II I

CH2-0-P—O—

C

2 H,-N (CH,),

OH

saturated acid probably of the linoleic series, phosphoric acid

and amino-ethyl alcohol, NH2CH2CH2OH. If the composition

is calculated from these components, it is found that the car-

bon should be 66 per cent. Thudichum noticed this discrepancy

between the observed and calculated values for carbon, but

made no attempt to account for it. Later investigators like-

wise obtained a cephalin with 60 per cent of carbon, but no
attempt was made to explain this difference until Levene
started his work. Levene and West spent a year in attempting

to so purify cephalin that the carbon content would be raised

to 66 per cent, but without success. The attempt to reduce

cephalin with hydrogen was at first unsuccessful, but lately

reduced cephalin has been prepared. Various derivatives,

especially urethanes, were prepared, but these were unsatisfac-

tory because of their amorphous nature and threw no light

on the composition of the body in question. Very recently

Levene has been able to show that it is probable that during

the process of purification there is a certain decomposition of

the cephalin molecule and that one fatty acid radical is split

off. Either this is the explanation or there occur in the

brain two cephalins, one of which contains two fatty acid

residues, while the other contains only one.

The cerebrins are a much more satisfactory class of com-

pounds as regards work in the laboratory. They crystallize

readily from alcohol and other solvents. Here again we find

that we are dealing with a mixture of two substances. By
careful fractionation from a number of solvents one is able

to obtain a more insoluble fraction, which is found to contain

only cerebronic acid. Cerebronic acid is a hydroxy-acid which
contains twenty-five carbon atoms, and which on oxidation

yields lignoceric acid. Lignoceric acid is familiar to some
of us because it has been isolated from the soil and from
wood. The other components of this more insoluble fraction,

which has been given the name phrenosin, are galactose and
sphingosine. Galactose is of course a well-known sugar.

Sphingosine has been shown to contain seventeen carbon

atoms, two hydroxy groups and one amino group, together

with an unsaturated bond. By oxidation of sphingosine it is

shown that the unsaturated bond is between the thirteenth and
fourteenth carbon atoms, since the product of oxidation was
tridecylic acid. Upon reduction and subsequent oxidation pen-

tadecylic acid was obtained. This indicates that the amino
and hydroxyl groups are located on the last three carbon

atoms. Various attempts have been made to prepare the un-

substituted amine from sphingosine in order to locate the

relative positions of the hydroxyl and amino groups. These
efforts have been unsuccessful thus far. It has generally been

assumed that the amino group is on the last carbon atom, and
we may, therefore, express the formula for sphingosine ap-

proximately as follows:

C12H25CH :CHCH (OH )CH (OH ) CH2NH2

The more soluble fraction of cerebrin (cerasin) becomes

richer in lignoceric acid as the process of purification pro-

ceeds, and since we find no other substance upon hydrolysis,

we may assume that the only difference between phrenosin

and cerasin is in the nature of the fatty acid. It is, of course,

desirable that an absolutely pure cerasin containing 100 per

cent of its acid as lignoceric acid should be isolated. We may
write the general formula of these compounds as follows:

Our knowledge of the chemistry of lecithin was greatly in-

creased by the application of the principle of reduction with

hydrogen and palladium, because by this reaction one is able

to obtain a crystalline body. Upon hydrolysis of this crystal-

line lecithin we obtain only stearic acid. This, therefore, does

away with the possibility which many investigators have
thought probable, that lecithin was a mixture of a stearic acid

and a palmitic acid glyceride.

The chemistry of cephalin is much "more complicated.

Thudichum, who first isolated this body, observed that the

carbon content was approximately 60 per cent. The products

of hydrolysis were found to be glycerol, stearic acid, an un-

HC

H H /OHH N

C-C_C—C-C-O-CH-CHOH-CHs-NH
I I I I IOHOHH H OH CH

CH

Ci2Hj,

CO
I

CHOH
I

CMH47

Upon hydrolysis of sphingomyelin we obtain the following

products: Sphingosine, identical with that obtained from the
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cerebrins, choline, phosphoric acid, and a mixture of fatty

acids, one of which is lignoceric acid. The other acid appears

to have the composition of a hydroxy-stearic acid, but this is

not definitely established because of the difficulty in obtaining

this acid in a pure state. It is still an open question as to

whether there are two sphingomyelins, one containing cere-

bonic acid and the other hydroxy-stearic acid, or whether the

molecule is a diphosphatide containing both of the fatty acids.

It is thus seen that the chemistry of the lipoids offers a

large number of unsolved problems. The difficulties in the field

are many, but even with all of these difficulties, the field is a

fascinating one and still offers an opportunity for a real

contribution to our knowledge of physiological chemistry.

EFFECT OF COLORED LIGHT UPON PLANT GROWTH*
Noticing the pale appearance of the leaves of a plant

kept in a room painted and decorated with various shades

of blue, the writer assumed that the wall color may
have had some effect upon the development of the

chlorophyl (coloring matter) in the plant, since the production

and continuance of chlorophyl is ordinarily dependent upon

the action of sunlight (white light). This observation sug-

gested an experiment to determine the effect of various other

colors upon the growth of plant life. Accordingly a number
of potted belladonna seedlings were selected because they

were easily obtained of the same relative size and in vigorous

condition. Potted plants were placed under each of a num-

ber of large porous paper cones of sufficient height and width

to prevent interference with the growth of the plants. The
interior surfaces of each cone were painted with relatively pure

colors in distemper form, including white, red, orange, yellow,

green, and a purple tone of solid blue. One set of the tests was
maintained in the laboratory in a position to receive indirect

sunlight, and another set was placed on the roof of the lab-

oratory, in direct sunlight. Control specimens of the potted

plants were also maintained without the cones.

Within three days it wTas noted that some of the leaves

of the plants under the purple tone blue color had bleached

out to a light yellow. One yellow leaf had broken off at the

stem. There was marked evidence of what might be called

plant fatigue. When the plants were returned to sunlight

they were restored to their normal, vigorous condition, the

yellow leaves rapidly becoming green again.

Under the green cones, some yellowing of the leaves was

shown, but the plants were apparently in good physical condi-

tion. The red, yellow and orange colors apparently had no

FIG. 1. BELLADONNA EXPOSED TO INFLUENCE OF (LEFT)
BLUE PAINT, (RIGHT) ORANGE PAINT

marked effect either upon the pigmentation or growth of the

specimens. The plants under the white cone were vigorous

and of normal color. Some of those under the black cones

had grown much more rapidly than the others and had fully

maintained the original green color of the leaves. This latter

result, in so far as the growth was concerned, was at first at-

tributed to the fact that the earth might remain damper for a

Copyright 1920, by H. A. Gardner.

longer period in the pots under the dark cones ; the greater

resulting humidity causing a more continued growth. How-
ever, this test indicated that illumination is not always neces-

sary for the continuance of plant life, and that sunlight is

not always required to produce or at least maintain the green

coloring matter.

Another series of tests was then made in three small cham-

bers constructed of wood and provided with means for ad-

FIG. 2. TOMATO PLANT EXPOSED TO INFLUENCE OF (LEFT)
BLUE, (RIGHT) RED PAINT AND GLASS

mitting air. The interior of the chambers was painted in

red, yellow and purple blue respectively. The roof of each

chamber, where the light was admitted, was covered with

colored glass to correspond with the color of the walls. Bella-

donna plants in one test and tomato plants in another were

placed in the chambers for one week. The results corresponded

to those obtained under the paper cones, except that the

etiolation was more rapid in the case of the purple blue. One
plant showing yellow leaves was restored to normal condition

by removing it from the box and placing it near a quartz

tube mercury light sending forth strongly actinic rays.

While the experiments outlined above are but of a pre-

liminary character and "cannot be relied upon to indicate

what might happen with other types of plants under similar

conditions, or even the same plants under longer periods of

exposure, they are nevertheless of some interest as indicating

that the color of the interior sash of greenhouses might for

some plant life preferably be of a dark shade instead of white.

Possibly a glaze color on the glass, or the use of colored glass

might also be found useful in certain instances. A further

study of the subject by competent botanists might show that

plants having active medicinal, alkaloidal, or aromatic princi-

ples could be stimulated to produce larger yields. It is possi-

ble, moreover, that plants yielding oil seeds might be so

grown as to prevent the development of chlorophyl which
causes the yellow-green color in drying oils. A water white

oil might thereby be obtained.

The above tests also suggested to the writer that color

environment might influence to some extent the shade or tone

of pigments precipitated in vessels under colored light. Ac-

cordingly, triplicate samples of blue and of an organic red

lake were precipitated in colored chambers roofed with col-

ored glass, and left therein for a period of 10 hours before

removing to observe the color. While the results obtained

were not startling, a slight difference in the tone of some
pigments precipitated under different colored lights was in-

dicated.



The Psychology of the Dreamer
An Analysis of the Elements Involved in the Process of Dreaming

By Prof. Yves Delage

FOR the purpose of making

a profound analysis of them
it is necessary to consider

dreams under three aspects

which are entirely distinct and
in each of which the psychologi-

cal condition of the dreamer
plays a different r61e. The first

thing to be considered Is the

framework of the dream, consist-

ing of the setting or inanimate

objects perceived together with

the actors concerned and the

"supers" present, to use a theat-

rical term. Secondly, we must
direct our attention to the move-

ments of the actors, who include

the dreamer himself. And third-

ly, we must examine the thoughts

which pass through the mind of

the sleeper and his opinions and
judgments with regard to the re-

lationships of the events he perceives and to their interpreta-

tion, their causes, and their consequences.

1. Let us first inquire whence come the mental images which

constitute the scene of action. These have their origin in

what Hervey de St. Denis has called in a phrase as exact as it

is picturesque, a set of memory-negatives. Within the depths

of our unconscious mind there slumbers an infinite multitude

of images, the memories of past impressions or even of simple

concepts which have lingered there after having expended, at

the moment of their formation, a more or less important part

of their initial energy. Every thought, in fact, and every im-

pression perceived possesses a certain amount of potential

energy, which it receives from the emotion which is insepara-

ble from every psychological perception or concept : the more

it moves us the more energy it has to expend before falling into

forgetfulness by reason of the progressive exhaustion of the

interest which it excites in us. This degree of initial energy

is never entirely expended at the time of the origin of the

impression ; there always remains a residue which must some

day be expended in some manner and this residue may be

very important in those frequent cases in which there has

intervened at the moment of perception an accidental inhibi-

tion either by reason of some concurrent impression or else

because of a voluntary repression for intellectual, aesthetic,

or moral reasons. This residue constitutes an individual

characteristic belonging to each impression which slumbers

in the unconscious mind, which reveals itself by a revivifying

energy, which renders it more or less apt to reappear again in

the conscious mind. It may be remarked furthermore that

these memory-negatives while concrete in origin are capable

of being decomposed with extreme facility into their various

elements, from the principal features to the faintest details

;

each of these elements possesses its own individual degree of

revivifying energy and is capable of being individually re-

vived by the association of ideas in consciousness and of reas-

sociating itself with new images which may differ so greatly

from the memory-negatives from which they are derived as to

appear to be products of the creative imagination.

These images, or rather these elements of images constitute

the subject matter of oneirical representations of which

they are in some sort the chief factor; but it rarely, if ever,

happens that the revivifying energy is sufficient in itself to

open the door of the conscious mind to an image ; it is necessary

The eminent author of this article passed
away on the 8th of October last. He was in

charge of the Roscoff Marine Station in France
and, had an encyclopedic knowledge of shore

fauna. He teas intensely interested in prob-

lems of biology and particularly m psycho-

biology. The subject of dreams had always a
great fascination for him and he had studied
them for many years, but in the latter part of
his life he devoted himself to a more intense
research in this field. In fact he was at work
on this very subject when death overtook him.
The following article is taken from advance

pages of Professor Delage''s book, which he fur-
nished to the international scientific periodical

Scientia (Bologna) two years ago and from
whose pages the following translation has been
made for the Scientific American Monthly.—
Editor.

that it should be aided by some

outside force. The latter may
possibly consist of one of the sen-

sory or kinesthetic impressions

which are vaguely perceived by

the sleeper, but in our opinion

the part played by these has been

greatly exaggerated—in our view

it is mainly the association of

ideas which enables thoughts to

enter the conscious mind. It is

this association of ideas in all

its forms which constitutes a

stepping stone for the images

which slumber in the unconscious

mind and enables those which

exhibit some degree of resem-

blance to one of the images act-

ually present in the conscious

mind to enter the latter accord-

ingly. Partly impelled by their

own revivifying energy and part-

ly drawn forth by the association of ideas, these images enter

the conscious mind one after the other, taking the place of

those which have helped to draw them forth and which then

make way for them. We may sum the matter up by saying

that the aptitude for passing from the unconscious into the

conscious mind is measured by the product of two factors,

namely, the energy of revivification and the association of

ideas ; the comparative strength of these two factors matters

but little, the only thing to be considered being the magnitude

of their product. It is evident that each of these factors is

absolutely independent of the will power of the dreamer and
lies entirely outside the scope of his own initiative.

Thus there marches through the brain of the sleeper a

series of images in whose succession there is nothing arbi-

trary, since they are connected by associative ties by means
of which each of them draws forth the one which follows. But
the dreamer does not perceive these connecting bonds; con-

sequently the images appear to him to be entirely independent

of each other. As respects the images which succeed each

other in his conscious mind he is in the position of a specta-

tor looking through the eye-piece of a kaleidescope which is

whirled by another's hand. Although the images come from his

own mind and are really part of himself he takes them to be

facts in the external world entirely independent of himself.

2. Let us pass now to the part played by the actors. For
the dreamer this, like the presence of the actor himself, is a

fact belonging to the external world, while the part he himself

plays appears, however, to be a manifestation of his own will

power. There can be no doubt concerning this last point. . . .

But this will power is usually, if not absolutely always, a

characteristic of the dream ; it is a will power which is set in

operation directly by emotional factors : the dreamer is inca-

pable of willing anything which does not conform to the in-

stincts, the desires and the fears which govern him at the

moment and is incapable, save in rare exceptions, of being

influenced by those more remote and important reasons which

enable him when waking to combat the impulses of instinct.

As for the actions of persons other than himself, these may
have their origin partly in the memory-negatives : these are

not merely lifeless photographs, they are the films of moving

picture, rather. But this is far from saying that the actor

always employs the same motions and gestures as in the real

scene which forms the origin of the memory-negative: we

314
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have here, in fact, one of the lowest examples of that disso-

ciation of the elements of the dream which we referred to

above and which here permits the dreamer to separate the

performer from his performance.

One of the principal factors which determine the perform-

ance of the actors in the scene of the dream is the emotional

tone which characterizes the actual condition of the dreamer

during his dream. This emotional tone may vary from the

euphoria which is the source of hilarious dreams to the anguish

which is the mother of nightmare, passing through an infinite

series of intermediate states—desire, fear, hate, doubt, dis-

quietude, envy, jealousy, etc.—^and the infinite variety of their

combinations. The reaction of these emotional states upon the

performance of the actors and also upon that of the dreamer

himself, may be revealed in spite of its extraordinary com-

plexity, by a remarkably simple formula : the dreamer makes

the actors perform those acts which are capable of being

produced and justified in himself by the kind of emotion to

which he is subject at the moment.

As for these emotional states they appear to have their

origin either in the kinesthetic condition of the dreamer, i.e.,

in those obscure impressions which have their rise in the

functioning of his organs whether this be more or less normal

or abnormal, or else in the emotional residue of the impres-

sions received in recent happenings, or, finally, in memories

of former impressions of more or less recent date.

In spite of appearances the emotional tone of the dreamer

to which we here ascribe a principal role is not a factor

which is independent of those previously mentioned; it is

only one form of the association of ideas, the definition of

which must be enlarged to include this new series of phe-

nomena. Everyone is familiar with the fact that even in

meditation or reverie an emotional state of any particular

sort opens the door of the conscious mind to all those mem-
ories which are related to the state in question. How then

could it be otherwise in dreams? And by reason of the disso-

ciation between the actor and the part he plays, the same
personage who appears as Santa Clans in the dream of a

quiet and healthy child, bringing the usual gifts, may appear

to the child who is troubled with worms or who has been

frightened by the tales of his nurse as an ogre ready to

devour him and causing him to scream in the terrors of a

nightmare.

The above is a crude and commonplace instance but it must

be understood that it is possible for the most delicate shades

of the mental disposition of the dreamer to reveal themselves

in the slightest details of the attitudes, the gestures, and the

actions of the personages beheld in the dream.

We have separated the scenes and the actors from the

actions of the latter for the sake of clearness in finding the

relation between each of these and its essential cause ; but it

would be a grave error to attempt to build a partition between

these two classes of phenomena. Indeed, the mere energy of

revivification and the association of ideas may bring into the

conscious mind persons in action bringing with them the

role they are to play ; and furthermore the emotional disposi-

tion of the dreamer may contribute, by way of a special sort

of association of ideas, to the entrance upon the scene not only

of active or passive personages, but also of inanimate objects

to furnish a background. We may say, therefore, that these

three independent factors, the energy of revivification, the

association of ideas, and the emotional condition of the

dreamer help to determine not only the personages of the

dream, but also their actions with infinitely varied details,

which cannot be precisely determined, and of which it is

only possible to say, in general, that one or the other will pre-

dominate according to circumstances.

To illustrate these remarks and to render them entirely

clear to persons unfamiliar with the subject, it would be

advisable to give concrete examples in the form of narrations

of dreams. The limits of the present article forbid this, but all

those who are interested in the question will easily find

numerous examples either in their own personal experience

or in the literature specially devoted to this subject.

The dreamer makes use of the images which present them-

selves successively in his conscious mind to construct a little

narrative which he tells to himself and which these images
serve to illustrate ; he may be said, in fact, to resemble those

so-called "poets" who improvise verses on the platform, to

fit rhymes suggested by members of the audience.

The condition of the dreamer is very similar, therefore, to

that of a waking person who abandons himself to reverie and
composes a little story with the assistance of images which
pass through his mind. But there is an important difference be-

tween these two cases: the man who is buried in meditation

knows quite well that all these mental images correspond

merely to concepts and not to either past or present sensory

perceptions; just the opposite is true of the dreamer in whose
mind the majority of these images take on the character of a

hallucination. This hallucinatory nature is characteristic of

the dream, and its origin is not less so.

In the waking state our sensory perceptions are distin-

guished from our mental concepts by the strength and clear-

ness of the images they present in contrast to the faintness of

those images which are of internal origin, but this entirely

relative difference is worthless except , for purposes of com-

parison and in the dream the absence of any sensory percep-

tion tends to intensify the mental images of internal origin,

just as a slight murmur is emphasized in the midst of sur-

rounding silence or a faint light in profound obscurity: in

other words, these feeble impressions assume the importance

under such conditions of strong impressions. The hallucina-

tory images of the dream may be actually no more vivid than

the concepts of a reverie, but they appear to be so because

there is nothing stronger with which to compare them.

We have just defined the materials of the dream and we
may sum up the preceding remarks by saying that the dreamer
constructs a little romance which lives by means of the

hallucinatory visions which pass through his conscious mind
and which he is obliged to accept as chance presents them,

but between which he establishes an artificial and logical

connection in order to reduce their incoherence to the minimum.

3. We now come to the question of the exercise of the

psychological faculties during the dream and of that of the

judgment in particular. The main fact which everyone recog-

nizes is the diminution of the critical sense. What does this

indicate?

The reason that the critical sense is deficient in a dream
is because its exercise requires the simultaneous consideration

and comparison of the manifold possibilities which present

themselves of the consequences whether immediate or remote,

direct or lateral, and the giving to each of its exact degree of

importance. In the waking life the intelligence is more or

less complete according to the degree in which the eyes of

the mind are able to penetrate not only the distance which

lies immediately in front of them, but also to cast their gaze

in all other directions where objects which may guide the

judgment are to be perceived. In the dream, on the contrary,

there is a concentration of the mind which puts blindness upon

the intelligence so to speak. The latter has a clear vision of

the immediate matter with which it is occupied, but sees noth-

ing else upon one side or the other. If it is in these lateral

directions therefore that reasons for modifying the judgment

are to be found, such reasons will pass unperceived and the

judgment will be falsified.

The matter may be stated in another manner which exhibits

the phenomenon under a new aspect and enables us to pene-

trate further into its more intimate depths. In the dreamer

the faculty of attention is deprived of that initiative which

enables it in a waking person to grasp all the points required

to construct a complete judgment. The faculty of attention

In the dream may, indeed, be at times exceedingly keen, but it

is the absolute slave of that which attracts it and in particu-

lar of the ideas which are present in the conscious mind to the
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exclusion of those which though quite closely connected and

necessary for the formation of a complete judgment require

for their penetration a certain degree of research, however

small. In the same way the waking person is obliged to

exercise his faculty of judgment only upon those elements

which are actually present in his conscious mind, but on the

other hand his attention is not, as in the dream, disinterested

and deprived of initiative. He possesses a knowledge of the

remote object of his mental operations and this is sufficient

to evoke a crowd of associations of ideas, among which his

waking critical sense knows how to choose those which cir-

cumstances demand. All his means of judgment are at his

free and entire disposal, provided that he is neither inattentive

nor distracted and that his power of association is normally

developed. Just here we may remark that the person who is

distrait or who suffers from amnesia, or who is unskilled in

attention or reflection, or who does not know how to make
research in the depths of his mind, will form judgments which

are incomplete, false, or bizarre, and which will be, therefore,

not dissimilar to those of the dreamer. The difference may
be reduced, in fine, to the distinction which exists between

the impulsive will power and the deliberate will power. . . .

To make perfectly clear this psychological condition, which

to our mind constitutes the essential characteristic of the

dream, let us apply the term of psychological riches or property

to the total knowledge of all sorts possessed by an individual,

from the loftiest intellectual and moral principles down to

the most common-place data of common sense and including

all those infinitely various ideas and acquisitions of facts

which constitute his psychological past. In the waking state

the thinker has his entire psychological property at his free

disposal ; he can call upon anything which finds a place in his

memory, from the most ordinary ideas of simple good sense

to those acquisitions which have been most laboriously ac-

quired, and upon everything throughout his entire life which

has left the memory of a perception or of a concept. All

these things are not indeed present in his consciousness at

one and the same time, but he knows that he possesses them
and he knows where to seek for what he requires in order to

exercise the actual process of reasoning and judgment. Ac-

cording to whether he is working up a problem in geometry

or in experimental science, or upon a question in history, in

politics, or sociology, he causes to pass before the eyes of his

mind the series of theorems, principles, and experimental

ideas of physics, chemistry or biology, or upon the other hand
the historical, economic, and other data which bear upon the

question in hand and which form a part of his metal luggage

;

if a fact is concerned he evokes, before his mind's eye, the

times, the places, the persons, or the things which may en-

able him to recall it ; and when he has found an answer he

compares it with previous acquisitions to see whether it con-

tradicts any of these.

In the dream the situation is entirely different. The dreamer

who is engaged in the process of thinking and reasoning has

no other materials at his disposal than those which chance

causes to rise in his conscious mind, at the moment making the

association of ideas its instrument. His psychological property

is indeed the same in amount as when he is awake. . . . But
he has at his disposal only those of its treasures which are

present in his consciousness at the time being. He is abso-

lutely ignorant that his psychological storehouse contains an

enormous mass of things—of memories, of ideas of common
sense, of memories, of scientific principles, of moral ideas

—

upon which he might call, but which can give him no aid for

the very good reason that he does not suspect their existence.

If the association of ideas, or some kinesthetic impression in-

troduces a new element into his consciousness he makes use

of it, and on the other hand if some other element escapes

from his consciousness it immediately ceases to exist so far

as he is concerned.

The use he makes of the materials constituted by the images

which people his dream depends upon those principles of judg-

ment which chance places in his conscious mind at the moment.
Hence making use of these elements which are never indeed

sophisticated or "doctored" but which are yet always incom-

plete, he forms his judgment in as assured a manner as if all

his funds of information were at his disposal. In consequence

of this fact the intellectual or moral quality of his judg-

ments depends exclusively upon chance : it may be excellent

at any given moment but may give way the next instant to

conclusions of the utmost absurdity or the most monstrous
moral character, merely because there is lacking in his con-

sciousness for a time some given idea of morality or of logic,

or such and such data of contingent or accidental facts.

Let us illustrate these, statements by a few examples

:

In the dream of the two clocks which is given in full in

the appendix at the end of this article, the reasoning is en-

tirely correct and even rather ingenious, whenever the data

comprised are sufficiently complete. But apart from this it

will be observed that I estimate the arc extending from St.

Germain des Pres to the Montparnasse Railroad Station as

being several degrees in extent, because at that moment I

ascribe a length of only a few hectameters to the diameter of

the earth, being for the moment deprived of all information

as to its real length—a knowledge, however, which I should

have instantly recalled had I been awake ; in the same way I

attribute to the. large hand of the clock the property of making
a single revolution of the dial in twelve hours, because I know
that that is the ordinary rate of motion of one of the hands,

but I have forgotten, for the time being, that it is the short

haud and not the long hand which does this. So much for the

logic of the matter.

Let us now pass on to a question of facts. In my dream
of the poisoned dog also related in the appendix, I was much
concerned over the fate of a yellow basset dog with short hair,

because his pleading eye made me mistake him for my own
little dog Nina forgetting that since she had long black hair

she could not be the same animal. All of the facts involved

in the false recognition exhibited in dreams which has been

such a subject of dispute can be explained in an analogous

manner. When in the mind of the sleeping Egger ("Rev.

Pliilos," 1898) there rises the image of a blond young man
having an air of timidity and, at the same time, brought to

the surface by another association, the idea of Gambetta
arises, then for the dreamer this young man at once becomes

Gambetta. And no protest with respect to the improbability

of the correctness of such a recognition will be registered

by the mind of Egger, since for the time being all the infor-

mation which would prove to him the falsity of the recognition

is absent from his mind.

Let us now proceed to consider moral ideas. In the dream
of the Garibaldian if M.K. permitted himself to behave so

execrably to the execrated Napoleon III., it was because there

was absent from his consciousness, for the moment, the senti-

ment that such an act was doubly odious, both in its moral

nature and because of the persons involved.

Let us end these remarks by a fact taken from the domain
of simple common sense. If Eugene Bernard Leroy (Quelques

Reves Symboliques, i.e., Certain Symbolic Dreams, "Journal de

Psychologie, Norm. Pathol.," page 358, July-August, 1908) in

his dream of the symbolic bell tower, mistook a church tower

for a young girl and found no difficulty in seeing the tower

take its seat as a guest at a banquet, it is merely because the

common sense idea that a clock tower cannot be a young girl

and seat itself at table was for the time absent from his mind.

But we have now said enough to be able to formulate the

psychological definition of the dreamer in a few phrases which

will form the conclusion of this article

:

The dreamer is a sufferer from partial not systematic

amnesia; the field of his memory is at once restricted in extent

and incessantly variable in form, in contours, and in localiza-

tion. He utilizes correctly the materials which lie within

his reach, and all the errors of which he is guilty, whether in

the realm of facts, of common sense, of logic, or of morality
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result not from any vitiation of the functioning of his brain,

but are merely due to the circumstance that there are for

the moment, absent from his consciousness all of the ideas

and information ivhich would enable him to avoid such

mistakes.

In contrast to certain sufferers from actual amnesia he is

quite unconscious of his amnesia and behaves at any given

time as if there were nothing in the universe outside the idea

actually present in his consciousness whether with respect to

the elements of morality, of logic, or of simple common
sense or whether with respect to any sort of general contin-

gent or accidental ideas, and in consequence he is deprived

of all capacity for exploring the realm of his memory with

regard to all those points which are at the time outside the

domain of his consciousness.

The state of war in which we are existing at present sug-

gests a comparison which may aid us in comprehending

these incessant variations of the field of consciousness during

the course of a dream : The siren has sounded the alarm, the

airplanes of the enemy have been sighted, the searchlights are

turned on, and at once there is seen in the sky a luminous

spot moving about in the most capricious fashion, illuminat-

ing now this and now that portion of the heavens, while the

background remains dark. This luminous spot, forever in

motion, is the mental psychical consciousness of the dreamer,

while the obscure background represents all the rest of his

psychological property, lying for the time outside the field of

his consciousness. His intellectual universe is reduced to this

small illuminated field, always the same in extent and yet

always in motion.

APPENDIX

Dream of the Two Clocks.—I find myself in the Rue de

Rennes upon a balcony of a house situated rather near the

Rue du Vieux-Colombier ; I look toward the right and per-

ceive the clock of St. Germain des Pres, which is opposite to

me (contrary to the actual fact). I see that it is a quarter

to 11, and I then turn my head to the left, and by chance,

without my having tried to do so, my eyes fall upon the dial

of the clock of the Montparnasse Railroad Station. The
hands stand at 10 minutes to 11, and I begin to reason about

it thus: Why do these two clocks show different times?

One of them, I say to myself, is doubtless badly regulated

;

then suddenly an admirable idea occurs to me : "How stupid

I am," I say to myself; "it is because of the difference in the

meridians." But does this difference in the time really corre-

spond to the difference of the meridians? In order to find the

answer to this, instead of estimating the distance between the

two clocks, I draw an imaginary line from each of them to

the center of the earth, and since in my dream the earth

appears to be much smaller than it is without causing

me to feel any surprise, I find that these two radii

form an appreciable angle, and this angle is one of exactly 30°,

like that made by the long hands of the two dials. At first

this satisfies me, but then an objection rises in my mind. The
hand of the clock goes twice round the dial while the earth

makes one revolution, hence the angle ought to be twice as

large on the dial of the clock as upon the earth ; if it is merely

equal then there must be, just as I thought at first, an error

in the regulation of the two clocks.

It will be observed that I reasoned very precisely and

correctly in my dream, while at the same time I was uncon-

sciously guilty of a triple absurdity : first in estimating at 30°

the difference in longitude between the railroad station and the

church ; second in comparing the motion of the earth not with

that of the short hand, which really does go twice as fast,

but with that of the large hand, which moves 24 times as fast

;

third in not having perceived that in any case and whatever

the cause, the station clock should have been slower and not

faster than the church clock, since in my dream I saw the

former precisely west of the latter, this latter idea having its

origin doubtless in the fact that whenever I take the train

at the said station it is always in order to travel west of

Paris.

Dream of the Poisoned Dog.—Some preliminary data are

necessary for the understanding of this dream. I possess

4 dogs, 3 of them being shepherd dogs with short hair, while

the fourth is a fox terrier having a white coat spotted with
black. A few years ago I had a remarkably intelligent and
devoted black poodle named Nina. I had been obliged to sacri-

fice her because she had become both deaf and blind. I have
never owned a short-haired yellow dog, and none of the dogs
with which I am well acquainted has these features, but a few
days ago the person with whom I was walking pointed out to

me a dog in the street having much such an appearance. I

should add that one of my shepherd dogs being troubled with
a tenia it was planned to give him a dose of medicine.

In my dream this dose had just been given to the dog and
the animal which had taken it exhibited all the signs of

suffering from poison; he dragged himself painfully along,

fell gasping for breath to the ground, and seemed a prey to

sharp pain. He gazed at me with his gentle, pleading eyes as if

to ask me to relieve him. I was profoundly affected. I

picked him up and comforted him with words and caresses,

but I felt myself powerless to help him and my eyes were
filled with tears. What made my sorrow so lively in the
dream was that this animal was not one of the shepherd dogs,

but my dear little Nina. And yet the aforesaid Nina was in

reality a black poodle, though the dog in my dream had an
entirely different aspect, being much larger, with short yellow
hair, and with a long, heavy, low swung body—and yet this

difference of appearance did not disturb me, nor prevent me
from "recognizing" my little Nina, who was doubtless present
in my mind. And then I awoke!

THE INCUBATION OF EGGS IN ANCIENT EGYPT
It is usually thought that the artificial incubation. of eggs

is an entirely modern process. However, that idea is quite a
mistake, since an irrefutable document has been recently dug
up from the archives of the French Academy of Sciences, prov-
ing that artificial incubation was practiced in Egypt, in 1677,

and was doubtless at that time already very ancient.

It was done by means of huge furnaces. The heating
of these to the proper temperature started about the middle
of January and continued until the middle of February, by
which time they were so hot that a hand touching the wall
could not bear the heat. The heat was furnished by camel's
dung, 100 lbs. of which were placed in the furnace each morn-
ing and each night. When the proper degree of heat was
reached, the placing of the eggs in this curious incubator be-

gan and was continued until the end of May. They were first

placed upon a layer of straw at the bottom of the furnace
which was built flat to the ground. Only two layers of eggs

were placed in the furnace and the size of the latter is indi-

cated by the fact that it commonly contained from 7,000 to

8,000 eggs. The fires were built in the upper part of the

furnace in long, shallow channels. Since the furnace men
owned no thermometers they regulated the heat by the unus-

ual and ingenious method of placing the eggs against the

eyelids of girls ; so long as the heat of the egg was not too

great to be borne by the tender skin of the eyelids there was
no danger that it would be baked instead of being hatched.

The eggs were allowed to remain in the bottom of the

furnace for two weeks and were then changed to the top

part of the furnace placed immediately above the bottom. No
more fire was made in the furnaces but the eggs were turned

four times per day. The chicks began to appear on the 21st

or 22nd day of incubation. They received no food the first

day but were fed with wheat and other grain on the second.

The owner of the furnace charged a fee of one-tthird of all

the eggs entrusted to him, but he was obliged to give back two-

thirds of the number in live chicks, replacing those broken or

stolen from his own stock.
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Feathered Hunters Who Work for Man
The Ancient Sport of Falconry, a Pastime Well Suited for Modern America

By Thomas C. Turner

THAT the art of hunting with the hawk is one of the

most ancient pastimes is attested by records of its ex-

istence in China as far back as 400 B. C. America in

the early days shared with the rest of the world the passion

and the sport of falconry. Some years before the Pilgrim

Fathers landed, in fact as far back as 1585, Thomas Harriot

wrote of it. In 1610 William Strackey enumerated among

the birds of Virginia five different kinds of hawks. Izaak

Walton in this "Compleat Angler," 1635, gives the falcon of

Virginia a high place in his category of the sports of the

English gentry. Frank Forrester, in "Field Sport," 1849, won-

ders why falconry had not survived on the prairies, which are

as he says "for perfection, par excellence of the world."

English literature abounds with references to falconry;

Chaucer's "Canterbury Tales," Spenser's "Faery Queen," and

in many of the plays of Shakespeare are to be found simile

and moral, drawn from the incidents, or clothed in the language

of the falconer. It is to be expected that Sir Walter Scott

should refer to the falcon because the sport lingered in Scotland

much later than in England. Tennyson gives a most vivid

description of falconry in the "Idylls of the King."

The extent of its practice may be judged by its literature

the world over. Even in the most remote countries works of

falconry are to be found. They are printed in Greek, Latin,

Arabic, Egyptian, Persian, Hindu, Spanish, Italian, Russian,

German and Japanese, the latter often profusely illustrated,

for art too has claimed its share in depicting the falcon and

falconry; thirteenth and fourteenth century manuscripts, both

French and English, bear evidence of this.

Landseer over and over again chose the incidents for his

pictures, and curiously enough the famous Bayeux tapestry

depicts the arrival of Harold at William's Court with hawk
on wrist. New York's Central Park has contributed its quota

to art in falconry by its beautiful statue erected just to the

side of The Mall. Hawks were a subject of courtesies in ex-

change between the monarchs of Europe, in fact it was for a

period the sport of kings and princes, others not being per-

mitted to indulge in it. All the Tudors were devoted followers

of the sport, Henry VIII nearly lost his life in following it;

Queen Elizabeth, that keen sportswoman of royalty, almost

daily indulged in falconry. Whether it were the invention of

firearms or the passing of some blue law of the Cromwellian

period, hawking in England was discontinued after centuries

of such popularity, and lay dormant for years. There is one

point however which would always have a tendency to make

its temporary cessation become permanent, and that is the

fact that the sport can only be carried on by a continual break-

ing in of wild hawks. The hawk is not bred in captivity, and

therefore could not lie by and be taken up in years to come

ready to hand, as might be the case in some breeds of dogs,

for instance. Hawks have to be obtainable in a state of

nature. That at first might present little difficulty, yet as

the skill of the falconer died out, as it would in time for want

of practice, the effect would probably be permanent.

Had not the craft lingered on among a few of the inhabitants

of the remote districts of the Highlands of Scotland, and a

lew Hollanders, we might have completely lost the art and

mystery of teaching. The sport had almost completely died

318
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out by the year 1700, and it is

doubtful if there was anyone

professing the art except the

hereditary High Falconer to

the Crown. Fortunately, how-

ever, under the leadership of

that famous sportsman, Colonel

Thornton of Thornton Royal in

Yorkshire, the pastime was re-

vived, for he gathered together

the remnants of the craft both

in Scotland and England, about

a century and a quarter ago,

and a marked revival of fal-

conry followed, the Falconers'

Club bringing back the sport

to almost its original status.

Since that time falconry has flourished in varying degrees,

and few more delightful books exist than Colonel Thornton's

"Sporting Tour in the Highlands" with records of his

hawking there in 1804. Although falconers are by no

means numerous, faiconry is again a recognized profession.

The main point in the craft is to render the birds

obedient; nature has made them skilful and deadly. There
are two schools, those of Holland and those of Scotland, and
they take different courses in preparing their hawks for the

quarry. Also there are two classes of hawks, the long-winged

and dark-eyed, and the short-winged and yellow-eyed. To the

first mentioned class belong the Gerfalcon, Peregrine, Lanner,

Saker, Barbary falcon, Indian Sharkim, the Hobby and the

Merlin ; in the latter class are the Goshawk and Sparrow hawk.
The methods of hunting differ between these two classes of

birds ; the long-winged birds take their prey by rising above it

and "stooping," as it is termed, from a height, and striking

their victims to the ground. Birds of the short-winged class

hunt at a lower range, pursuing their quarry in a straight

line and overtaking it by superior speed. The short-winged

varieties are mostly flown to partridge and quail, the goshawk
being especially good on wild fowl, rabbits and hares.

In Holland the hawk is caught when on passage; the birds

thus trapped have, as they are taken from the trap, a small

sack or sock as it is called, fastened over their legs and wings
so that the work of "manning" (getting them accustomed to

human beings) may be more readily accomplished; for they

must be broken in from the start. They have not to be taught
the art of killing; that they well know; but they must be
taught to obey and to stand proper handling.

WILD HAWK AND THE DECOY PIGEON IN THE
TRAPPER'S NET

Passage hawks are quickly

"jessed" and hooded, jesses be-

ing the term used for the soft

leather straps which encircle

the leg of the hawk and to

which is attached the leash, to

keep him captive, which is of

course necessary to prevent him
from flying off to hunt on his

own account. He is fed daily

through the hood for a time,

and as he gradually becomes

accustomed to his handler

the hood is removed. These

hawks are fed upon the gloved

hand of the trainer, falconers

using a special leather gaunt-

let for this, and all practices connected with the handling

of the hawks are conducted with the gloved hand. It is curious

that eastern falconers are generally depicted carrying their

hawks on the right hand, whereas European falconers almost

always carry on the left, leaving the right free for adjusting

jesses, removing hoods and other necessary acts. The method
of catching the passage bird, as practised in Holland is quite

an interesting and exclusive art. Like many other forms of

trapping it has been handed down from generation to genera-

tion, as in the famous Mollen family.

The trapper builds a cover much as we do in duck shooting,

but this cover is mainly built of rough turf on top, with an ex-

cavation deep enough for the trapper to get in and, through a
narrow opening, watch his decoy and trap which is at a
distance. The wild hawk is by nature very wary ; it is there-

fore necessary for the trapper to enter his blind at an hour
that will avoid observation. In addition to the bait which is

usually in the form of a semi-captive pigeon, the trapper
depends upon his small assistant, a captive shrike. This little

bird is located part way between the blind and the bait, and is

the means of a quick signal to the trapper of the approach
of any hawk, so that the trapper may be alert when the hawk
stoops to his prey. The trapper with lines in hand soon
springs the net and the hawk is captive.

The Scotch falconer pursues what is often a more dangerous
course, that of taking his birds from the eyrie or nest, in the
cliffs of the coast of Scotland; these nestlings or "eyess" as
they are called, begin their new life in a state of "hack" or
partial liberty, and their education also starts at once. The
youngsters are daily accustomed to the falconer's voice, and

TRAPPER WATCHING FOR THE APPROACH OF A HAWK CAPTIVE SHRIKE ON DUTY
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HOODED HAWKS "MANNED" AND READY FOR SHIPMENT FROM HOLLAND TO THE OLD HAWKING CLUB AT LYNDHURST,
ENGLAND. NOTE THAT THE RIM OF THE CAGE IS PADDED TO PREVENT INJURY TO THE FEET

are daily "called off" as it is termed, that is, gradually trained

to come farther and farther for their food. It is not long

before they must be taught to sit quietly on the wrist of the

falconer. In their early days they are quite playful and as

mischievous as kittens, but they gradually sober down to the

stage where they must be hooded, with their "rufter hood,"

that is, the plain leather hood used in training. Hooding is a

task which requires great patience on the part of the trainer,

or the youngster may be spoiled for hunting. The young

hawk's movements are now restricted to the length of his

leash, for he soon grows out of his babyhood, and would readilly

follow his natural course. As his training advances he is

accustomed to his neurits and bells, which are made fast to

his leg, bells being used on all trained hawks, when they are

flown, to distinguish them from the wild hawk.

With the schooling completed the hawk is ready for work.

The question then arises as to the game available for your bird

and the nature of the country in which you wish to hunt.

Hawks are of vastly different proportions and strength, and

the killing range of each is consequently limited to certain

lines. The four principal hawks used are the peregrine, the

merlin, the goshawk and sparrow hawk. The gerfalcon of

Norway is now rarely used, and the little hobby, perhaps the

most graceful of all the hawk family, is little seen. Of these

varieties the peregrine is the most popular, and the most useful.

This hawk is also known in America as the duck hawk, but

those used in England are mostly obtained from the cliffs of

Scotland or from Holland. The merlin comes from the Eng-

lish moors, the goshawk from France. The sparrow hawk is

the only one quite common in England. The lanner, which

figures in Cassin's illustrations of American birds, was at one

time quite frequently used by England falconers.

The male hawk, or what is generally termed the tiercel, is

not as much used for hunting as the falcon or female hawk.

The latter is invariably a stronger and better bird, to quote

from Kipling : "The female of the species is more deadly than

the male," and with hawks it is a veritable truth. While we
often hear the phrase "keen as a hawk," it would be more

fitting were it "keen as a falcon."

A well-trained hawk, will, according to its schooling, kill

freely, grouse, duck, snipe, widgeon, rook and other such birds.

The goshawk is flown to pheasants and partridge. Being of

larger and stronger proportions it can be used in more en-

closed country. The artist, F. Barlow, in his picture, "English

Falconers of the XVII Century," shows the goshawk used on
pheasant. Some years ago the Duke of Leeds had one that

killed over a hundred partridge in one season, an instance of

what a well-trained hawk will do.

When a covey of partridge is put up the goshawk selects

one bird, and will pass through all the others to strike that

bird. So keen and courageous a sportsman is she that she

will sit unhooded on the glove, waiting for her game.

Her chase for the rabbit is most interesting; she will swoop
along until she can strike, and she usually does so with one

foot on the rabbit's head, the other as far back of the ears as

he can stretch. It is seldom that the little animal escapes to

his burrow.

The peregrine is perhaps the most courageous of them all.

These falcons know no fear. They are most eager to kill

;

their strike is swift and powerful, and they go into the battle

confident of conquest; yet they are as docile as any to the

bidding of their handler. Her mode of work depends upon the

quarry she is to fly. If it be grouse she is cast off where grouse

are known to be. The falcon rises and circles round "waiting

on" the falconer and his party, often for quite a long time,

until the dogs spring the game; then when the grouse take the

air, the hawk marks his bird, coming down with force enough

to break the grouse's back. Sometimes of course the bird is

able to dodge, but unless cover is close at hand, there is little

chance for escape, for the falcon quickly recovers and rises

for her second swoop.

In the southern and eastern parts of England the falcon

is often flown for rook. This usually results in a real game
fight, for the rook is strong and swift and will go far up into

the blue with the falcon in hot chase. When flying rook the

falcon is not cast off to "wait on" ; there is no need for that.

She is kept hooded until the rooks are in sight and compara-

tively near ; then she is unhooded. As soon as she singles out

her bird, and rises above him, he starts his downward course.

There is no chance in this flight for a drop upon him ; he is

too near her match in speed, so she glides with tail closely com-

pressed and makes her clutch. Usually the fatal grip results

in a headlong fall, the rook fluttering in the tiger talons of the

hawk.

The other long-winged hawk, the merlin, is quite different.

She is small, slim, beautifully marked, and graceful. She has
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ever been the lady's hawk. They were in olden times such

constant companions that they were even taken to church.

The merlin is a gentler bird than the others. She will sit

unhooded, and after killing will return to the wrist. But
though of gentle mood she is fierce in the chase, and for her

size, as bold as any falcon. She kills in a manner peculiar to

her ; she strangles her quarry. Naturally she is not flown to

large game, rarely anything as large as a pigeon, larks and
other small birds being her specialty.

There are in the American Museum of Natural History some
very excellent specimens of both American and European
hawks. Almost all of the hawk family are very handsome
birds, from the beautiful white gerfalcon down to the tiny

speckled sparrow hawk ; nearly all are of a dark brownish

hue, particularly as to wings and back, but the breast and
legs of many are most beautifully speckled from medium to

coarse, or finely penciled as in the case of the goshawk. Light-

colored hawks are rare, the gerfalcon and the white goshawk
of New South Wales being the only ones among the scores of

hawks in various parts of the world.

Harting, in writing of the "Birds of Shakespeare," says

that "The rank of the owner was indicated in ancient times

by the hird he carried. To a king belonged the gerfalcon ; to a

prince the male peregrine ; to an earl the peregrine ; to the

lady the merlin ; a young squire the hobby ; a yeoman the

goshawk ; a priest the sparrow hawk ; and to a servant the

kestrel." The kestrel is the most easily tamed. It was in

training these that many gained their early experience for

future falconry with the larger birds. It is often believed

that the hawk is an undesirable bird, and unworthy of pro-

tection. On the contrary he is of use in our agricultural in-

terests, for he will rid a district of mice, and not, as his

Courtesy, Metropolitan M113. of Art

PEREGRINE MOUNTED ON THE MAIL GAUNTLET OF A
ROYAL FALCONER

false accusers state, of chickens. The red-shouldered hawk of

this country, known as the "chicken hawk," rarely attacks

poultry of any kind ; this has been proven by the Department
of Agriculture's investigation into the matter.

In addition to the excellent display of hawks at the Ameri-
can Museum of Natural History there is also in the Metropol-
itan Museum of Art a unique exhibit in the arms armor de-

partment, that of a falcon resting upon a mailed gauntlet.

The armor is Saxon, of the late sixteenth century, and is

evidently a ceremonial piece to be worn at royal functions.

The steel on the knuckle plate is beautifully engraved, and a

small spool is affixed to retain the falcon's leash, which is

attached to the falcon's leg, the leg being encircle by a metal
band, and not by jesses as would be the case were the bird in

readiness for the hunt.

With the characteristic care for detail shown by the taxider-

mist department of the American Museum of Natural History,

the gerfalcon is shown on his "block," a device used where
falcons are kept, so that they may be put out in safety from the
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GERFALCON (THE ROYAL FALCON) ON HIS AIRING BLOCK

hawk house for their daily sunning and occasional bath. These
blocks, which are practically wood stumps of comfortable rest-

ing size for the bird who is to use them, are undercut about
six inches from the top in order that the leash may be made
fast and yet revolve freely so as not to entangle the bird in

his limited movements. Great care is taken in all matters per-

taining to the hunting falcon that his feet be kept in good
condition as they are one of his chief weapons ; with his feet

damaged he would be of little use.

That falconry has for many years flourished extensively in

India is well known, the Maharajas and princes of native

birth have been keen enthusiasts of the sport and it was only

natural that the sport-loving officers of the British army,

quartered in India, should take their share in participating in

so pleasant a pastime.

There are many countries in which the pleasure of hawk
hunting might well be cultivated and not the least important

among them is our own land, America, where game is plenti-

ful in the north, south, east and west, and yearly the tide is

turning more devotedly to the sports afield both among our

women and our men. Falconry, like golf, takes one into the

open for healthful exercise without .any call for overexertion

on the part of its participants. The hawks we have, some of

them but a few miles from our largest cities, as is instanced

by one of the accompanying illustrations. All that is required

is the skill in taking the passage bird, or obtaining the "eyess"

from their eyrie, and the patience, which is above all things

essential in the schooling of birds for the purpose of hunting.

At first it might be necessary to employ the aid of profes-

sional falconers, just as in the early days of golf we depended
largely upon the Scotch professional at our clubs to teach the

art of golf, but time would in falconry prove as it has done in

golf, that the American is quick to learn, and a keen enthu-

siast in any new pastime he takes up, falconry would prove no
exception to the rule.



The Voluntary Determination of Sex*

The Factors Which Determine the Development of Male and Female Animals

By Dr. Koehler

AWOMAN of intelligence recently made the announce-

ment among a circle of cultivated people that during a

sojourn in the country she had learned how to obtain

cocks or pullets at will from incubator chickens. The secret

was as follows: The eggs to be incubated are laid upon a

table and a horseshoe magnet is then suspended above them

;

it is alleged that those eggs above which the magnet hangs

horizontally will produce pullets, whereas those above which it

describes a conical figure will produce cocks. The instance is

cited merely to show how little knowledge there is, even

among educated people, with respect to recent investigations

concerning the factors which determine sex in animals. It is

worth while, therefore, to discuss the matter briefly.

The basic question is whether it is actually possible to de-

termine sex—it is now safe to say that this question can

be answered in the affirmative. In the second portion of this

article we shall describe two actual instances in which it has

been proved possible to make a voluntary determination of

the sex of certain animals. But before these can be com-

prehended certain preliminary facts must be in the possession

of the reader ; hence we shall first endeavor to answer the

two questions : How is sex determined in the natural process

of bisexual procreation? What is the reason that one child

of the same parents is male while another one is female?

We shall proceed from the basic principle that sex is

inherited. Inheritance means that the properties of the parents

are transmitted to the offspring by means of sex cells: When
the male and the female trout have deposited their respective

reproductive cells in the water, their function is fulfilled.

The parent fish swim away but the cells of opposite nature

which they have discharged into the water are attracted to

each other, so that the egg cell is fertilized by the male cell

and develops into a perfect fish. In this young fish all the

characteristic features which marked the parents make their

appearance. It is evident that the germs of these character-

istics must have been contained in the sex cells of different

nature, whose union led to the development of the perfect trout.

We term these elements in the original cells inheritable char-

acteristics, and it is through the operation of these that

the characteristic features of the parents make their reappear-

ance in the offspring.

Now the parents of the new-born fish were exactly alike

except in certain specific features. Thus when a child is

born of a white man and a negress both parents are human
beings, but they are of different races and differ in certain

respects such as color of skin, kind of hair, etc. The question

arises in both cases : Since the parents possess certain differ-

ent characters how will these be transmitted to the progeny?

MENDEL'S DISCOVERY

The fundamental principles discovered by Mendel enable

us to answer this question : The causes of all the phenomena

exhibited in inheritance are to be found in the behavior of the

inheritable qualities in the sex cells, and we are enabled to

form conclusions concerning them from the data observed.

Mendel crossed different kinds of peas such as red

flowered ones with white flowered ones ; the resulting offspring

without exception produced red blossoms. When these were

propagated through self fertilization, which corresponds to

close "inbreeding" among animals of different sexes, then the

progeny, i.e., the hybrids of the second generation, produce

75 per cent of red blossomed plants and 25 per cent of white

Translated from Die Umachau (Frankfurt) August 14, 1920.

blossomed plants. The essential feature of these and later

phenomena consists in the constantly recurring definite propor-

tions, and a closer . examination of the matter has led to the

following conclusion: Every living creature possesses two
units of inheritance for each of its characteristic features

(our hybrid of the first generation, for example, included the

units white and red for the characteristic flower color) ; one of

these units is derived from the maternal egg cell and the

other from the paternal seminal cell. In the example cited

this hybrid had red flowers, i.e., although it possessed both a

white and a red unit of inheritance, only one of these units,

namely, the stronger of the two, made its appearance in the

hybrid. This fact is expressed by saying that the red pre-

dominates over the white, or, in other words, that the red is a

dominant character while the white is a recessive character.

When this hybrid produces sex cells in its turn, these cells are

of both kinds and it forms an equal number of each ; half of

its sex cells carry the red unit of inheritance and the other

half carry the white unit. This holds true of both sexes;

when they are coupled (the self fertilization of the first red

blossomed hybrid generation) it is quite possible that red

egg cells may unite with either red or white sperm cells, and
on the other hand white egg cells or ova may unite with either

red or white sperm cells. If we represent the units of in-

heritance by letters of the alphabet, letting R. equal red and r

equal white, we shall obtain the following four 'kinds of

fertilized egg cells : RR, Rr, rR, rr, and likewise an equal

number of each kind, since in each sex the red and the white

sex cells were equal in number. Since R predominates over

small r it is evident that RR, Rr, rR, i.e., three-quarters of

a second generation of hybrids will produce red flowers, where-

as only one-fourth of them, namely, rr, will produce white

flowers, which theoretical estimate has been found to corre-

spond to the facts.

UNITS OF INHERITANCE

What takes place then when we recross the red flowering

hybrid -Rr with the white flowering parent pea-vine rrf The
hybrid possesses, with respect to color, the two different units

of inheritance Rr; such organisms, which possess tivo different

units of inheritance, are said to be heterozygotic. But the

hybrid also forms, as we have seen, the sex cells R and r in

equal numbers, and in exactly the same way each other hetero-

zygote also forms equal numbers of two sorts of sex cells of

the character in question. The parent plant, on the other

hand, forms only the single kind of sex cell r since it has two
like units of inheritance for the said character (i.e., the flower

color). Such organisms as possess two like units for a char-

acter are said to he homozygotic; in the reverse crossing itself

consequently there may be united either the sex cells R or the

sex cells r of the heterozygotes, or with the sex cells r of the

homozygotes ; hence we shall have the pea plants Rr and rr

and an equal number of each. In other words fifty per cent

of the new plants will bear red blossoms and the rest of them

white blossoms.

But it is a general-fact in nature, both among human beings

and in the majority of animals, that an equal number of males

and females are produced ; this circumstance suggested that

this peculiar mathematical relation of half and half in their

progeny might be explained in the same manner as the reverse

crossing described above. If this be true it is at once obvious

that one sex must be heterozygotic, while the other exhibits

recessive homozygotism. Let us suppose that the male sex is

heterozygotic ; in this case we can describe it by the inherit-
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ance formula Mm. M signifies male and small m female, and

the former predominates over the latter. In this case the

female sex will have the inheritance formula mm. The male

sex cells are of the two kinds Mm while the female sex cells

or ova are all of the same sort, namely, m. When now any

union occurs between the ovum and a male cell, according

to the laws of chance, whether one or the other combination

occurs it will be seen that in each of the two groups the num-
ber of elements is equal, i.e., there must be as many animals

Mm as animals mm-—i.e., there will be fifty males and fifty

females. Naturally the same laws hold good if we assume
that the female sex is heterozygotic : Let us in this case

designate the inheritance formula of the female as Ff and that

of the male as ff; here F indicates female and / male and F
predominates over /. In both cases we have a definite reason

why the relation of the sexes remains unaltered from genera-

tion to generation, since it is obvious that here, too, the final

combination of the various elements would result in an equal

number of males and females.

In the case of any given kind o'f animal it is possible to

determine which sex is the heterozygotic form in cases of the

so-called "limited sex inheritance." This is because of the

circumstance that some special character of the organism

makes its appearance in only one of the two sexes; thus it

might occur that in the crossing of a red-eyed male fly with a

white-eyed female fly all the female hybrids would have red

eyes and all the male hybrids white eyes; thus all of the sons

"take after5
' the mother and all the c' ighters after the

father ; whereas in a non-sex-limited inheritance both sons and
daughters are either white-eyed or red-eyed. An enormous
number of experiments along this line was found to be expli-

cable only upon the assumption that in these flies the males

were heterozygotes whereas the females were recessive homo-
zygotes. Equally numerous experiments have shown that in

th case of butterflies the state of affairs is contrary, i.e., the

females are heterozygotic.

CHROMOSOMES IN THE CELL NUCLEUS

A second explanation of the matter takes entirely different

premises for its starting point. If we examine the egg cell or

ovum in the microscope we see a small mass of living sub-

stance, the protoplasm, and within this is a vesicle known as

the nucleus. And just as all of the cells which compose our
body are produced by the divisions of the egg cell, each one

of them contains a nucleus, whose origin is to be found like-

wise in the division of the nucleus of the egg cell. But at the

time when this development of the egg cell began it had been
penetrated by a male cell, whereupon a union took place be-

tween the nuclei of the male and the female cells—this union
being known as fertilization. In preparation for division there

appear in the nucleus certain bodies known as chromosomes,
because of their strong affinity for colors or dyes. These often

possess a rod-like form and their number is constant in any
given kind of plant or animal. When the division of the nu-

cleus takes place, each chromosome splits lengthwise into

two portions, and each daughter nucleus contains one-half of

each chromosome. Thus the number of chromosomes remains
the same in each division of the nucleus.

But when sex cells are formed the aforesaid longitudinal

division of the chromosomes ceases at a certain point in the

progress of the division and undivided or entire chromosomes
are distributed among the daughter nuclei. Because of this

the nucleus of the sex cells contains only half as many chro-

mosomes as does the nucleus of one of the ordinary cells of the

body. But when fertilization occurs, the normal number of

chromosomes is of course restored. Thus each of the ordinary
cells which compose the body of a human being contains 24
chromosomes, whereas the sex cells of either sex contains only

12 chromosomes each. When fertilization occurs the 12 chro-

mosomes in the egg cell of the one parent are united with the

12 chromosomes in the specific sex cell of the other parent so

that the fructified ovum now contains 24 chromosomes.

Among certain animals one sex always has one chromosome
more than the other sex ; e.g., the female of the thread-worm
.1 n ci/racamthus is characterized by 12 chromosomes, while the

male has only 11. All of the ova of the former contain 6
chromosomes, whereas 50 per cent of the male sex cells likewise

contain 6 chromosomes, the remaining half containing only 5

chromosomes. In case the ovum is fertilized by a male cell

of the latter kind the resulting embryo will contain 11 chro-

mosomes and will therefore develop into a male. But if fructi-

fication be accomplished by one of the former kind the embryo
will contain 12. chromosomes and will consequently produce

a female. Here again we shall have an equal number of males

and females produced, since the two kinds of male cells are

equal in number.

Organisms like this, which produce two kinds of sex cells in

equal numbers, are termed heterogametic, while those which
form only one sort of sex cell are said to be homogametic.

As we see in those cases in which the heterozygotism of the

male was disclosed by the sex-limited inheritance, the male
also forms two kinds of sex cells which differ from each

other with respect to their chromosomes (the above cited

case of the flies). Where, on the contrary, it is the female

that is heterozygomic (as in the case of the butterfly), the egg

cells or ova are of two kinds as regards their content of

chromosomes, whereas the male sex cells are all alike. These

facts may be expressed in other words, to wit : Homozygotism
and homogametism (as likewise heterozygotism and hetero-

gametism) always go hand in hand. The knowledge of these

results has led to the conclusion that all the facts concerned

can be reduced to a uniform formula. If we transfer the in-

heritance factors of Mendel's theory to the chromosomes, and

thus we perceive that both of these ways of explaining the

method of natural bi-sexual reproduction, i.e., the theory of

inheritance factors (the scheme of homo-hetero-zygotism) and

the theory of chromosomes (the scheme of homo-hetero-

gametism) really coincide with each other—both are merely

different forms of expression of the same relationship.

Both of these schemes have one thing in common, namely,

they explain only the half and half production of the two
sexes ; consequently the objection is raised that this theory

could not serve as a basis for those relations of the sexes

where unequal numbers of males and females are born—it

was objected especially that this theory was utterly unable

to explain the appearance of hermaphrodites—as a matter of

fact, however, it is precisely such cases of hermaphrodites

and of uneven numbers of offspring which furnish the most

beautiful confirmation of the theory, since it is found that in

every instance the relation of the chromosomes corresponds in

the most remarkable manner with the specific nature of the

reproduction. For example, let us point out that the herma-

phrodite of the thread worm Rhabditis nigrovenosa contains

twelve chromosomes like the separate sexed female and its

eggs consequently contain six chromosomes. When, however,

it forms male sex cells then one of the twelve chromosomes

does not share in the process of nucleus division but remains

inert, while the remaining eleven are distributed in the male

sex cells in the ratio of 6 to 5, as a consequence of which

male arid female embryos are produced in the same number.

Thus a hermaphrodite generation must inevitably be followed

by one of separate sexes, whose reproductive cells will behave

as just described. But their union will result in a new gen-

eration of hermaphrodites for the very reason that one-half

of the male sex cells of the separate sexed generation, namely,

those producing males, remain in this case non-fertilizing. As

we see, the chromosome is not fitted for this under the opera-

tion of the laws inherent in the chromosomes themselves

;

far rather is it true that superordinate factors are present

which are responsible for the fact that at the given instant

a chromosome is simply cut out, or for which half of the male

sex cells is condemned to remain non-fruitful.

The scheme of homo-hetero-gametism remains therefore

valid, but not rigid and unalterable—merely capable of being
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modified by superordinate factors, and this enables us for the

first time to conceive the hope that we shall be able to exert

voluntary sex determinations. If we succeed in gaining control

of the superordinate factors, then it will undoubtedly be pos-

sible to produce one or the other sex at will.

There is still a second theoretic possibility, to represent

which the Mendelian mode of expression may be employed.

We had assumed that F is stronger than / and had assumed
also that one pair of inheritance characters determines all

differences of sex. In reality, however, it may be that a

number of pairs of inheritance characters are demanded, and
there are many signs which support the view that the rela-

tion of strength between these, instead of being constant, as in

the case of the red and white pea, red pea blossoms, may be

alterable upon occasion. In such cases we are accustomed to

speak of deferred dominance.

AN INSTANCE OF VOLUNTARY DETERMINATION OF SEX

Being now provided with the indispensable information con-

cerning the essential character of the natural determination

of sex, we shall be able to comprehend the two instances

which are thus far the only ones known, in which a voluntary

determination of sex has undoubtedly been accomplished.

The female of Bonellia viridis, a worm-like creature classed

among the transition animals possesses a body about the size

of a walnut, which is provided with a proboscis measuring

about 20 cm. in length. The male is microscopical in size and
lives as a parasite in the uterus of the female, where the

fertilization of the eggs takes place. The larvae which hatch

from these eggs are neuter creatures, possessing no sexual

character. In studying these animals Baltzer found that if

he placed an aged Bonnellia female in the dish containing these

neuter larva?, in the course of a few days all of the latter

descended to the proboscis of the female, and after about a

week developed into males which at once wandered away to

their destined location. If, on the other hand, Baltzer kept

these neuter larvae at a distance from any mature female, then

in the course of ahout a month nearly all of them developed

into females, not more than 7 per cent becoming males. Finally,

Baltzer was able to produce double-sexed or hermaphrodite
animals at will by the following process: From one-half to

two days after the larvae had attached themselves to the

chosen location, he detached them from the proboscis and con-

tinued to rear them in a free living condition. The longer

they had remained attached the stronger the male characters

became and the weaker the female characters. A more beau-

tiful example of success in the effort to determine sex at will

cannot be imagined.

Undoubtedly all of the neuter larvae must have possessed not

only the entire male equipment but also the entire female

equipment, since according to the external conditions which
prevailed they developed either exclusively into males or almost

exclusively into females. The comparative vigor of the male
and female equipment varies in the following manner : In

the first eight days the male characters are more vigorous but

later their strength decreases while, on the other hand, that

of the female characters becomes greater, until, after a certain

period of time, during wich the two sets of characteristics are

equally strong, the female characters finally gain the upper
hand. The manner of life attached to the proboscis, however,

has the effect of accelerating the development in such a way
that the entire time of development of those larvae which are

earliest attached is comprised in that portion of time when
the male features predominate. In the same manner the female
and hermaphrodite forms can undoubtedly be explained upon
the ground of the assumed postponement of predominance.

EFFECT OF COLD ON SEX OF FROGS

The experiments made by R. Hertwig with respect to the

effects of cold upon frogs indicates similar relations. While
the frog larvae which were kept at ordinary temperatures de-

veloped into equal numbers of males and females when they

were reared in the cold, 30 per cent of the females developed

into females, so that at the end of the experiment 86 per cent

of the animals were males.

Even more striking results were obtained by Hertwig how-
ever in his researches concerning super-maturity in frogs,

which experiments indicate methods of determining sex at will.

It is a well-known custom of the male frog to compress the

thorax of the female between his thumb calluses and this

pressure occasions the release of the eggs. As soon as the

eggs make their appearance in the water they are fertilized.

Hertwig allowed one issue of eggs to be thus laid and fer-

tilized and thereupon separated the parent animals, whereupon
the laying of the eggs was at once checked. Twenty-four
hours later he put the animals together again and separated

them anew after a second deposit of eggs had been made; he
repeated this process on the third and the fourth day. The
four deposits of eggs exhibited the following results. From
the first 50 per cent of males developed, from the second 65

per cent, from the third 85 per cent, while from . the fourth

there were 100 per cent. This experiment was frequently re

peated with the same results. Thus the normal breeding in an
experiment by Kuschakewitsch produced 58 males and 43

females ; from the remainder of the eggs, which were deposited

four days later, there developed 433 males and one hermaphro-
dite, only 17 of the eggs failing to develop at all. These results

rivaled Baltzer's in the striking proof they offer of the entire

possibility of the voluntary determination of sex.

As may be seen from a series of control experiments the

cause of this change of sex is to be sought in the deferred

fertilization of the eggs. Hertwig termed this super-aging of

the eggs extra maturity, and it is evident that this is here

the controlling factor. The final division of the frog egg does

not occur till the egg enters the water, consequently a delay

of four days meant a considerable degree of extra maturity

;

it is obvious, therefore, that this extra maturity controls the

process of the division of the chromosomes, and correspondingly

the distribution of the hereditary factors, in such a manner
that only males are produced. While, however, the result of

voluntary sex determination is the same in the frog and in the

Bonellia, yet the methods by which this result is obtained

are essentially different. In the case of the Bonellia we have a

given complex of hereditary factors whose effectiveness ex-

hibits a contrary relation with the lapse of time; the volun-

tary determination of sex is made possible by the fact that

the rapidity of the development can be altered by man
through the choice of suitable rearing conditions. In frogs,

on the other hand, the state of the hereditary factor is altera-

ble and it can be changed by making use of the fact of its

dependence upon the age of the eggs. We recognize here that

its essential nature consists in certain chemical transformations

due to the increasing age of the eggs.

No further results so far as I know have as yet followed

the rich promise of these beginnings. But now that the ice

is broken it is obvious that it is well worth the trouble to

experiment with respect to the voluntary determination of sex

upon valuable species of domestic animals and plants. The
practical value of this is evident, and on the other hand we
need not fear that the veil of mystery, as far as regards hu-

manity, will be early lifted, for there are innumerable reasons

why man is not suitable to be employed as an experimental ani-

mal, and whatever analogies may be found they can be

merely suggestive because of the manifold variety of biological

conditions which governs the existence of every kind of animal.

OSTRICH EGGS AS FOOD
Mr. Gallichan, diet expert, who has been experimenting

with ostrich eggs supplied by the New York Zoological Gar-

dens, declares that the food value of the ostrich egg is about

the same as that of the domestic hen's egg. The flavor is

identical, and although the ostrich eggs contain less protein

than meat, they have more fat and a fair amount of phospho-

rous and iron. One egg will make an omelet sufficient for

thirty people.



Termites of the Temperate Zone
A Study of the American Cousins of the African "White Ants'

MOST of us remember from our primary school days
pictures of the conical structures shaped like bee
hives made by the devastating African insects known

as white ants, and when we recall the gruesome stories of

the sweeping destruction, not only of food, but of books,

clothing, furniture, and even houses, of which these obnoxious
little creatures are guilty, we thank our stars that our own
land is not cursed with them. As a matter of fact, however,
there are certain first cousins of these insects known as the

Nearctic Termites which already have a considerable foot-

hold in this country, and which may be expected to extend
their territory unless measures are taken to exterminate
.them, or at least to reduce their numbers.
For the following account of these dangerous but interesting

little creatures we are indebted to a bulletin issued by the
Smithsonian Institution and prepared by Mr. Nathan Banks of

the Museum of Comparative Zoology, Cambridge, Mass., and
Mr. Thomas E. Snyder of the Branch of Forest Entymology
of the Bureau of Entymology, in the Department of Agricul-

ture.

GENERAL STRUCTURE OF TERMITES

The termites are social insects of the class of Neuropteroids
and live in moderately large colonies. They are commonly
called "white ants" because of their pale color and their

gregarious habits. Three castes are found—a winged caste

which is always present and besides this usually a worker
caste and a soldier caste. The winged caste consists of adult

males and females. The soldier caste occurs in all genera
except Anoplotermes and originates from the young of both
sexes; occasionally they show traces of wings. The worker
caste occurs in all except the Kalotermitidse ; they are small,

wingless and usually blind.

After a flight the winged female breaks off her wings and
starts a colony. She is now known as the Queen-Mother, and
her body is enlarged with eggs. In some species these "true"

queens are very rare, or at least hard to find. Sometimes
indeed, "nymphs" become fertile without acquiring wings.

Females of one of these forms may be present in colonies with
males or "true kings." Thus we see that each colony of

termites may have from five to seven forms besides the young
of the species. However, the winged form may be considered
as pre-eminently representing the species. Furthermore, the

soldier is usually more or less characteristic for each species.

The adult insect has a flattened head which is truncate in

front and rounded behind and which is nearly or quite as

broad as it is long. The eyes are compound and near the front
There are slender moniliform antennae containing twelve to

twenty-five or more joints and rising from antennal fossa sit-

uated in front of the eye. The mandibles are short and the
inner edge has several teeth, but the two jaws are not toothed
alike. The maxillae end in two horned curved points. In
most forms there is an ocellus close to each eye and in fully

one-half the species there is a more or less distinct aperture
in the middle of the face, which is the opening of the frontal

gland. This gland is known as the fontanelle of the fenestra

;

the secretion of this gland is utilized as a means of defense.

The prothorax is sharply divided from the rest of the
thorax. The abdomen consists of ten segments, the first of

which is indistinct or absent below. The wings are much
longer than the body and are several times as long as they
are broad. They usually exhibit very few veins but in some
forms there is an irregular network of cross-veinlets. Near
the base there is a more or less distinct transverse impression.
It is at this point that the insect breaks off the wings after

the flight. Both the body and the wings bear hairs.

The Soldier.—In the soldier the head is enlarged and usually

elongated. Most of them have no eyes. In those species

which inhabit wood the legs are usually short, while in the

species that wander about the legs are long and slender.

There are at present 19 described species of American ter-

mites and 17 species and a variety new to science. The early

divisions of Termes were based on adult structures and out-

line the groups known as sub families. In 1897 Wasmann
declared the soldier ant to be highly important as a basis

of division, but modern authors consider the matured winged

insect to which is entrusted the future of the species to form

the best basis of classification. It retains more of those minute

ancestral characters which indicate relationship and, further-

more, it is the parent of both the winged form and the soldier.

The best characters for group classification are found in the

wings, head, legs and cerci.

DISTRIBUTION

Termites are widely distributed throughout the world, but

exist in comparatively few species and genera. They can be

traced back in geological times to the tertiary age. It is

believed that some species may be found in every one of the

United States, and they have been found as far north as

Quesnal Lake in British Columbia, as well as in the northern

States of Washington, Idaho, Montana and Maine. Further-

more, they have been found in the Rocky Mountains and the

Pacific Coast range at such remarkable altitudes as 7,000 to

8,000 feet. Many of the 36 species now known in the

United States have probably been "introduced" and authorities

upon the subject warn us that various other species, native

to the south of us, are liable to be introduced, particularly the

destructive Leucotermes tenuis of the Bahamas and South

America.

VARIOUS GROUPS OF TERMITES

Unlike some of the tropical termites our native species do not

build nests in the form of huge mounds, but live in burrows

made either in the wood or in the earth. Furthermore, there

is no permanent "royal cell" containing an imprisoned "king"

and "queen," and there are no so-called "fungus gardens" or

"nurseries." Nevertheless the nests or colonies of our native

termites are well worth study and are even more interesting

because they concern us more nearly than those of tropical

species.

They are divided by their habits into three groups : those

species which live in wood but do not burrow in the ground

;

those which live in the ground and infest wood indirectly

through the ground ; and earth-inhabiting species which do

not burrow in wood. Both of the latter groups are sometimes

termed subterranean termites.

Subterranean Species.—-The termites of this group belong

to the family Termitldce, subfamilies Rhinotermitince and

Termitinm. All of the species in the former subfamily of the

genus Reticulitermes and some species of Amitermes are essen-

tially wood destroyers and live in forests, building their nests

either in the wood of dead trees, decaying logs and stumps, or

in the foundation timbers of buildings, fences, and any other

wood in contact with the ground, or else in a labyrinth of un-

derground passages usually located underneath wood or vege-

tation. These subterranean termites are the most injurious

to the timber, woodwork, and contents of buildings. The
species of Reticulitermes even construct ingenious bridges

across substances they cannot penetrate, such as metal or

stone, brick or concrete. These bridges, as shown in an ac-

companying illustration, consists of small "shelter sheds" or

granulated earth-like tubes constructed of earth and excrement

extending upward from the ground. These tubes have been

called the "adobe houses" of white ants. Some of these tubes
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which were suspended from the infested wooden beams sup-

porting the floor of one of the buildings of the Kansas State

Agricultural College were 3 to 8 inches long and ended 2 or 3

feet above ground. Termites are soft-bodied creatures and
always conceal themselves within the wood or within their

tubes. In burrowing through wood they often completely

honeycomb it, usually following the grain and eating out the

soften thin-walled, larger-celled, new wood. But the species

of Reticuli Termes are able to penetrate the hardest wood and
even attack dry, seasoned wood provided there is access to

moisture in the ground. They carry moisture with them, ex-

tending their galleries by means of moist excrement mixed
with earth.

TUBES CONSTRUCTED BY KETICULITERMES HESPERUS ON
WALL OF INFESTED BUILDING. LOS ANGELES, CALIFORNIA

The excavation is done by the workers which, as we have
said, are blind and have soft bodies. It is often necessary for

them to come above ground in order to obtain access to wood,

and because of their nature they are peculiarly open to the

attack of enemies when exposed ; consequently they actually

"take the ground out along with them" as Mr. Banks cleverly

expresses it, either constructing covered run ways or tunnels

by plastering earth upon the surface of the ground or else

carrying moist earth into their galleries within wood. Thus
they are enabled to travel far from the necessary moisture of

the ground even up to the tops of trees or to the third floor of

buildings.

Their Usefulness.—In spite of the damage they do to trees

and houses subterranean termites are not without value.

Prof. Henry Drummond, in his well-known work Tropical

Africa compares their role to that of the earth worm in caus-

ing a constant circulation of earth, a sort of plowing and
harrowing on a minute scale, "pellet by pellet, grain by grain."

Furthermore, the vegetable substances eaten by them pass

through their bodies and enrich the soil. Since these termites

always require access to damp earth, a ready means of cheeking

their depredation is to shut off the source of moisture, in

which case they will not be able to extend their galleries and
will perish.

In the Appalachian Mountains many colonies are found

under stones while in Arizona some species also live in the

wood, roots and stems of various species of cactus. In Kansas
they live in large numbers in the heavily sodded prairie, ex-

isting on the roots of the vegetation. In Utah and Colorado

they are found in the roots and stems of sage brush and scrub

oak. The species of Reticulitermes readily migrate; they

change their location within the nest according to the season,

or with temporary changes in temperature or moisture, and if

conditions are unfavorable the entire nest may be moved to a

new site. Sometimes a single colony or nest extends into

several adjacent stumps, trees, or logs. In regions where there

is little or no wood, some species live in the roots or lower leaf

rosettes of the agave and even in and under chips of dry cow
manure.

All subterranean termites have a worker caste but no
termite which does not live in the earth has such a caste with
one exception, the Prorhinotermes simplex Hagen.

Wood Inhabiting Species.—Our native wood inhabiting

species, which are non-subterranean, belong to both of the

two families of nearctic termites, the Kalotermitidae and
Termitidos.

The species of Termopsis live in the moist decaying wood
of logs and stumps, usually inhabiting regions where conifer-

ous trees predominate. They never leave the wood to burrow
in the ground, and they infest the wood directly through holes

under loose bark and decayed spots. So far as is known they

are not particularly injurious, which is unusual among ter-

mites.

FOOD

The principal food of termites is cellulose and they obtain

this from dead as well as from living vegetation. They can
even be kept alive when fed merely on filter paper or cotton,

according to Dr. Oshima, an expert zoologist in the employ of

the Government of Formosa. This authority has proved that

when they eat the spring wood the hard lignin-cellulose is not

digested, as can be verified by testing with hydrochloric acid,

in which case the lignin reaction is obtained. The young are

fed on prepared food from the mouths of the adult insects.

Excrement.—The excreted matter is very characteristic in

different kinds of termites. In some it consists of rather

solid pellets, compressed as shown in the accompanying picture

;

these sometimes fill the tunnels and are sometimes pushed
out. In others the excrement is liquid and merely makes
stains.

CHARACTER AND EXTENT OF DAMAGE DONE BY TERMITES

In 1876 Hagen made the statement that termites steadily

retreat as the cultivation of fresh territory increases. Mr.

Banks and Mr. Snyder, however, declare that this is only true

in part. When their breeding places in dead trees, logs and
stumps are destroyed, they infest fences, telephone poles, and
the foundations and woodwork of poorly constructed buildings.

Under these circumstances it is obvious that they may some-

times do even more damage than before. In fact, the damage
done in the United States by termites to the woodwork of build-

ings and their contents, while not so great as in the tropics,

occasions a serious amount of loss each year. The genus which
causes the most damage is the Reticulitermes, but Kalotermes
and Cryptotermes are also guilty.

They bore through books, paper, clothing, food and sub-

stances stored in dark and damp places, and even through

shoes, as shown in one of the accompanying illustrations. They
sometimes damage important documents and such injury has
been especially noted in some of the department buildings in

Washington. Many requests have been received in recent years

by the Bureau of Entomology for advice as to the best method
of getting rid of these insects, and it has often been found
necessary to advise a reconstruction of the foundation and
flooring of buildings, involving an expenditure of from $50 to

$3,000. As information regarding the habits of these insects

spreads among the public, it is probable that owners of houses

will insist that contractors construct buildings in such a

manner as to be proof against these ravages, which occur

from coast to coast of our country, but are particularly se-

rious in the South.

Termites do much damage to untreated wall board made
from wood pulp and used for interior finish and also to tele-

phone and telegraph poles, mine props, railroad ties, and
other timber. A striking example of this is given in a report

made toy Mr. D. C. Palmer of the Bureau of Entomology : On
the night of August 18th, 1916, southwestern Texas was swept

by a typical West Indian storm, and this laid bare places where
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termites had made nests in the bottom of the untreated tele-

phone poles of some of the country lines, as also in nearly all

of the wooden wind mill towers common in the country. It

was a noticeable fact that these wooden towers were blown
down whereas when steel towers were employed, only the mills

themselves were wrecked and not the supporting towers.
Termites also did much damage to crops which had been
blown down and in a few cases where sorghum had been
headed and the heads piled on the ground, the thrifty creatures
had carefully covered them with dirt.

Termites also occasionally injure a great variety of living

trees, bushes, shrubs, flowers, and field crops. They are espe-

cially bad in green houses since such buildings are always
warm and moist, and untreated woodwork and growing plants
are especially subject to attack. They injure flowers by tun-
neling and hollowing out the roots and stems.

REMEDIES AND PREVENTIVES

The two groups of termites, those that inhabit wood and
those that inhabit earth, require to be dealt with in different

ways.

Damage by Subterranean Termites.—It cannot be too

strongly impressed upon the public that nearly all cases of

damage to buildings by earth dwelling termites are due to

poor or careless construction. The remedy is complete insula-

tion or isolation of all untreated wood from the ground. Where
possible buildings should be constructed entirely upon raised

foundations of stone, brick or concrete, including stone col-

umns or pillars in the basement to support the floor above.

The walls and floors of basements and cellars should also be of

concrete, and concrete floors should be laid on a gravel base.

Basement window sills and frames should be laid over concrete

in such a manner that the woodwork is prevented from coming
in contact with the ground. Untreated timber should never

be sunk either in the ground or in moist concrete, since other-

wise termites may come up from subterranean galleries. Since

complete dryness of the foundation and basement walls and
floors is an important means of protecting buildings from
attack, air spaces should be provided for between the ground
and wooden flooring to hamper the activities of the termites.

Importance of Dryness.—Ter-
mites always require access to

damp earth ; hence if the source

of moisture is cut off the in-

sects will not be able to extend

their galleries and will perish.

This important fact should be

made known and emphasised
to owners of infested buildings,

since this knowledge will saye

time and expense, especially

in the case of old frame

buildings where extensive repairs would be unwarranted.
For example, if the source of ingress to the building be shut
off by disconnecting the untreated foundation timbers from
contact with the soil, the termites will inevitably die in the
other woodwork, furniture, and stored material which they
have infested, even in cases where they have penetrated as
high as the second or third floor.

Protecting Living Plants.—Much injury to living trees, crops,

flowers, etc., both in gardens and in greenhquses, can be
prevented by clean cultivation and proper horticultural man-
agement. Injury is most common in the new soil of recently

cleared woodland containing old stumps and wood or much
leaf mold. Fence posts should be treated with coal tar creo-

sote, and old boards or wood should not be left on the ground
near fruit trees or in gardens. Prunings should be burned
instead of being left on the ground and where termites are

very destructive it is advisable not to use animal manure.
Special care should be taken that living trees, should not be
scarred at the base.

NON-SUBTERRANEAN TERMITES

This simple method used in combating th$ subterranean

species of shutting them off from their supply of moisture in

the earth naturally cannot be applied to those who do not

live in the earth and which include the genera Kalotermes,

Neotermes and Gryptotermes, subfamily Kalotermitinw. These

require very little moisture and infest even dry wood directly

through crevices, cracks, or decayed places. It is important,

of course, to destroy their breeding places in decayed wood.

Where these species are abundant windows and doors in

buildings should be carefully screened, especially during the

period of swarming or flight. During the swarm, the lights

should be put out in unscreened buildings. When these ter-

mites have infested furniture, stored material, or exposed

timbers of small size, they can be killed by fumigation with

hydrocyanic gas. Since the species in these genera swarm at

night and are attracted to lights in large numbers, the

winged adults can be trapped by catching them in large shal-

low vessels full of oil or water, placed beneath lights. The
unprotected woodwork of buildings should be treated with

chemical wood preservatives.

FUNCTION OF THE AERIAL COLO-

NIZING FLIGHT

When the winged sexual

adult termites emerge and take

flight, this process is merely a
colonizing flight and, therefore,

the terms "swarm" and "nup-

tial flight" are not appropriate.

After a short flight the males
and females alight on the

1

SHOE DAMAGED BY RETICULITERMES IN NORTH CAROLINA. 2 AND 3. DAMAGE BY RETICULITERMES PLAVIPES TO ROLL
OF PAPER LABELS IN INFESTED BUILDING, AT BLOOMFIELD, NEW JERSEY
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ground and separate into pairs (species of Reticulitermes)

there is a marked attraction between the sexes, and the males

follow the females about. The latter find a suitable site for

the new colony and the pair become established. Not until

after the pair are established in the new colony and the sexual

organs have matured are they ready for breeding. Usually

males and females from the same colony mate with each

other, but sometimes they select individuals from nearby

colonies swarming at the same time. The insects that have

taken this flight never return to the parent colony, but form

new colonies.

Usually the colonizing adults of the same species make their

first flight, which is the largest in numbers, at the same time

DAMAGE BY KALOTERMES H-UBBARDI TO RAFTERS IN
"ADOBE" BUILDING IN ARIZONA

over a wide area of country. This annual production of

winged adults in enormous numbers is undoubtedly intended

for the further diffusion and perpetuation of the species, since

this can be more readily accomplished by flight than through

subterranean tunnels. Furthermore, places otherwise inac-

cessible can be reached. Unless carried by the wind they do

not fly very far. Most of them, after a short vacillating flight,

alight or fall to the ground and lose their wings. Some of

them swarm during the day time and some at night. In build-

ings infested by termites the time of swarming is greatly in-

fluenced by artificial heat and the swarm from indoor infested

timbers may take place a month or two earlier than outdoors.

COURTSHIP

Immediately before or after the loss of the wings a sort

of courtship takes place in which the male follows the female

tirelessly and persistently with his head close to her abdomen,

which he touches with his antenna?. Often both run around

a small circle and sometimes the pursued turns pursuer, ap-

parently attracted by some secretion at the end of the body.

Sometimes as many as three individuals may be seen running

off together. In incipient colonies, after the first union, in

case of species of Reticulitermes there is no further union

until the first brood of young has matured, after which it is

repeated at shorter intervals and more frequently throughout

the life of the pair, for, unlike the honey bee, the male con-

tinues to live with his mate.

The reproductive forms are not necessarily monogamous

;

sometimes one male and two females or vice versa are found

in the same cell, but these reproductive forms which have lost

their wings are not normally polygamous as are the winged
forms. The reproductive individuals of the second and third

forms are always polygamous.

Eggs.—The rate of egg laying in the queens of nearctic

termites is comparatively slow, unlike that of tropical species.

Among our native termites none of the different forms of

queens ever completely loses the power of locomotion on
account of the distended abdomen, and they do not reach the

enormous size attained by tropical species; hence there is no

centrally located royal cell. In well established colonies of

nearctic termites, tens of thousands of eggs are present, and
allowing for an incubation period of ten days to two weeks,

the rate of egg laying must be rather rapid, whereas in newly

established colonies it is slow. Old mature queens lay contin-

uously at least one dozen eggs in twenty-four hours. However,

sometimes forty to one hundred reproductive individuals of

the second form are present in the same colony. In the south-

east of the United States in old long-established colonies of

species of Reticulitermes egg laying takes place during the

warm months, but in heated buildings they are produced in

every month of the year.

The eggs occur in clusters and are tended by the young

parent adults in the royal cell in incipient colonies. In long

established colonies, on the contrary, the eggs are removed

from the royal cell by the workers and deposited in the out-
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IMPRESSED PEDLETS OF EXCREMENT OF KALOTERMES

lying galleries of the nest, where conditions are best suited

for hatching. The eggs are yellowish white and reniform.

METAMORPHOSIS

The newly hatched forms of all classes of termites were

formerly consideraed to be alike or "undifferentiated," but the

work of Thompson (1917) has disproved this. Thompson

states that at the time of hatching there are two kinds of

nymphs—the "reproductive" and the "worker-soldier" nymphs,

which develop into the fertile or reproductive caste and into

the sterile castes, and which may be distinguished by internal

differences in the brain, the composite eyes, and the sex

organs.

The metamorphosis of termites is of the type known as in-

complete, or ametabolic, and in the case of the worker class

there is very little external change during the development,

except in size. The development of the worker is, therefore, a

gradual growth, the semi-transparent, large-headed nymphs

undergoing several molts preceded by quiescent stages.
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In the soldier and "nasutus" caste the metamorphosis is

marked by very considerable external and internal changes.

Both workers and soldiers complete their development within

one year. The development of the small-headed or reproduc-

tive nymphs is also very gradual, lasting about two years

;

it is marked by the external changes caused by the growth

of the wings and wing pads.

CASTES OF TERMITES

The castes consist of the three types of reproductive forms

and the wingless workers and soldiers which are normally

sterile. The three reproductive castes are called, from the

three types of nymphs which produce them, reproductive

adults of the first, second and third form. In tropical species

of some genera there are two different types of soldiers or

more rarely of workers so there may be as many as seven

different adult forms in the same colony. The commonest
type is the de-alated, i.e., denuded of the original wings,

colonizing sexual adult, i.e., an adult queen of the first form.

These reach the largest dimensions and certain savages prize

them highly as a delicacy. The abdomen of the male or "ring"

also increases somewhat in size and it continues to live with

the queen. Those males of the first form are very active,

and on account of their small size they frequently manage to

make a "cl£an get-a-way" when the nest is broken into. Some-

times, when avenues of escape are shut off the male will try

to hide under the larger body of his consort, but usually, sad

to say, he deserts her at the first sign of danger

!

WORKERS AND SOLDIERS

The sterile castes consist of the worker and soldier or

"nasutus" castes. They are produced by all three of the repro-

ductive forms, and, unlike the bees, are of both sexes. The
workers are all large-headed, but vary in shape and color.

They do the "manual labor," so to speak, and do all the

digging, besides caring for and protecting the royal couples

and the young. In some genera, however, there are no true

workers, their duties being performed by nymphs of the repro-

ductive forms. The workers of the genus Anoplotermes are

very singular in aspect and in their method of traveling in

military files. The Reticulitermes also have the habit; they

have a distinct and characteristic odor which may assist them
in "following the leader" ; however they may be aided by the

tactile sense alone, according to some authorities.

Soldiers.—Soldiers are more highly specialized workers and

also include both sexes. They are soft-bodied, but the head,

which is pigmented, is reinforced by chitin. They are usually

larger than the workers and in some species the mandibles are

enormous

!

In the genera Constrictotermes and Nasutitermes the sol-

diers have no mandibles, but there is a strikingly peculiar

form known as the "nasutus" caste. The name is derived from

the peculiar nose-like process or beak (nasutus). Liquid is

exuded from this beak in defence, which reminds one of the

use sometimes made of his trunk by an elephant.

The duty of soldiers appears to be entirely defensive but

they do not appear to be highly efficient. Just before the time

of swarming numerous soldiers and workers gather on the

outskirts of the colony near the exit holes with their heads
turned toward the exterior. But when the colony is opened

and they are exposed to the attack of their great enemies,

ants, the latter are easily victorious.

TROPHALLAXIS A NEW THEORY OF BEHAVIOR

In connection with the workers' and soldiers' duties in

the colony life a new theory has been recently evolved which
is highly iconoclastic. The colony life of the so-called "social

insects," bees, wasps, ants, and termites, has always excited

Interest and called forth praise, even from the times of

Solomon and probably before. But modern entomologists who
have "considered the ways of the ant" and become wise have

struck a rude blow at their reputation for self-sacrificing and
loving care of the queen and her multitudinous offspring. The
new theory concerning the attention lavished by the workers
on queen and brood is that it is entirely selfish ! That it is due,

in short, to a taste for the exudation from the bodies of the
obeets of their solicitude!

Mr. Nils Holmgren, who has devoted much study to the

"exudate tissues" of termites, states that all the castes, but
the queens in particular, have extensive exudate areas in the
abdomen. This exudate passes through pores in the chitin to

the surface, where it is greedily licked up by the other mem-
bers of the colony. Holmgren, writing in 1909, stated his

opinion that the exudate was not only the cause of the feeding
of queen and brood but also the cause of caste differentiation.

However the latter view has been disproved by Miss Thomp-
son's work in 1917.

In 1918 Wheeler published a very remarkable paper on
ant larva; in which he boldly scouted what he calls the "anthro-

pomorphic" idea of the behavior of ants. He suggests instead

that it is due to an exchange of nourishment between the adults
and the larva? and he terms this cooperative relationship—

a

sort of mutual benefit society !
—"trophallaxis." He admits

however that this phenomenon has not been observed in the

social bees. He makes the following interesting comments on
this feature of the life of ants

:

"If we confine out attention largely to the ants I believe

it can be shown that trophallaxis, originally developed as a
mutual trophic relation between the mother and her brood,

has expanded with the growth of the colony like an ever-

widening vortex till it involves, first, all the adults as well

as the brood, and therefore the entire colony ; second, a great

number of species of alien insects that have managed to get

a foothold in the nest as scavengers, predators or parasites

(symphily) : third, alien social insects, i.e., other species of

ants (social parasitism) ; fourth, alien insects that live out-

side the nest and are "milked" by the ants (trophobrosis) ;

and fifth, certain plants which are visited or sometimes partly

inhabited by the ants (phytophily)."

In the termite colony the workers and young nymphs may
be seen scurrying off with eggs and young when the nest is

disturbed. They not only solicit exudation from the queen
but sedulously "clean," i.e., lick, the bodies of other workers or

nymphs, brushing them with the maxillary palpi. When the

nest is broken into both workers and soldiers show alarm
when near the reproduction forms by convulsive and jerky

movements, which may possibly be meant for signals.

NATURAL ENEMIES OF TERMITES

Many kinds of animals prey on termites, especially at the

time of the swarm. These include both birds and domestic
fowls, lizards, spiders and crickets.

While termites and ants are commonly to be found inhabit-

ing the same log or stump, yet ants are the worst enemies of

termites.. Ordinarily the relations between termites and ants

are peaceful, even when they occupy contiguous galleries or

actually intermingle. The ants seem to be indifferent to the

presence of the termites until man breaks into the nests,

when the ants soon attack the termites.

Species of Cremastogaster, Camponotus, and Formica are

common associates of termites in eastern United States and are
among the worst enemies of the soft-bodied termites. Living
termites have been found in the mounds of Formica in Penn-
sylvania and Virginia.

The Argentine ant (Iridomyrmex huntilis) is a great enemy
of termites in New Orleans, Louisiana, according to Father A.

Biever.

At the time of the annual swarm, ants kill and carry away
many winged termites.

Beebe (1918) states that termites are immune to attack by
the army ants of the tropics.

Other foes of termites are their parasites which include
fungi, infusoria, protozoa and nematodes.
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MOUNTED SPECIMEN OP A REMORA ATTACHED TO A SHARK, ON EXHIBITION AT THE AMERICAN MUSEUM OP NATURAL
HISTORY, NEW YORK

Fish That Are Trained to Catch Fish
The Remora, a Curious Fish with a Suction Disk by Which It Attaches Itself to Other Fish

By May Tevis

* MONG the most singular fishes to be found in the depths

A\ of the ocean are the various species of "shark-suckers"

* -^- or remoras which fasten themselves to the surface of

sharks or other fishes, allowing themselves to be carried about

frequently to great distances. They attach themselves by a

large sucking-disk on the top of the head, which is a modified

spinal dorsal fin. They do not harm the shark, except possibly

to retard its motion. If the shark is caught and drawn out

of the water, these fishes often instantly let go and plunge

into the sea, swimming away with great celerity.

So very queer looking are these fish, as the accompanying

illustration shows, that persons not familiar with them gen-

erally mistake the back for the belly and imagine the fish

is floating upside down.

The sucking-disk, whose partitions make it somewhat resem-

ble the slats of a shutter, is capable of clinging with great

tenacity, its action being due to the creation of a vacuum
by the squeezing out the water between the lamellae of the

disk.

Because of the bulldog tenacity with which the remora
hangs on to anything it has once laid hold of, it has been

used by some native tribes to catch other fishes and turtles.

One of the first accounts given of this unusual form of sport is

from the pen of no less a person than Columbus, or at any

rate from that of one of his companions. In a book published

in 1671, Ogilby's "America," this ancient chronicle is quoted

:

"Columbus from hence (that is, Cuba), proceeding on further

Westward, discover'd a fruitful Coast, verging the Mouth of

a River, whose Water runs Boyling into the Sea. Somewhat
further he saw very strange fishes, especially of the Ouaican,

not unlike an Eel, but with an extraordinary great Head, over

which hangs a skin like a bag. This Fish is the Native Fisher,

for having a line or handsom Cord fastened about him, so

soon as a Turtel or any other of his Prey comes above Water
they give him Line ; whereupon the Ouaican, like an Arrow
out of a Bowe, shoots towards the other Fish, and then gather-

ing the Mouth of the Bag on his Head like a Purse-net, holds

them so fast that he lets not loose till hal'd up out of the

Water."

In 1884 an account was given of the mode of fishing adopted

on the Zanzibar coast by the Africans with the remora. The
account is by Mr. Frederick Holmwood, the British Consul

at Zanzibar. It seems that the Africans fix a ring around

the most slender part of the tail, which remains on for an

indefinite period—sometimes for years—becoming imbedded in

the flesh ; to this ring the line is attached, and the fish are

taken by the Africans on their cruisers, which last for a

number of days, and slipped loose into the water when wanted

;

they then swim toward their destined captives, attach them-

selves and are hauled in, securing the fish for tbeir master.

The fact of their use in this way had been known long before

;

but no original account thereof had appeared for a long time.

"When not in use," says Holmwood, "the fishes are mostly kept

in small canoes or wells of water, and come to the surface on
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the approach of the fisherman ; and they have learned to allow

themselves to be taken from the water and submit to being

handled without attempting to plunge or break away. The

owners are said to call them with a whistling sound, but

whether they obey such a call or not has not been sufficiently

verified."

The Zanzibar fishermen are as careful of their pet fishes and

as tender with them as any huntsman of his favorite pointer or

setter. They build tiny canoes for their homes, stroke them

caressingly and talk to them confidentially.

HOW THE STJCKEK DISK OPERATES

In the accompanying picture the sucking disk, situated on

top of the head of the remora, is clearly shown. This picture

was taken especially for the writer through the courtesy of

Dr. Nichols and Dr. Fisher, of the American Museum of Nat-

ural History, from a specimen preserved in alcohol. Its

structure consists of parallel lamellae which are capable of be-

ing strongly contracted so as to form a more or less complete

vacuum. When this is done of course the pressure of the

water causes the disk to adhere with great force to the

object against which it is pressed. Even in air the pressure

exerted is very powerful. Dr. Townsend, the director of the

New York Aquarium, recently showed the writer a picture

showing one of these fishes, suspended by the tail in the air

from the hand of the experimenter, lifting a bucket of water

weighing about 25 pounds, although the fish itself was but little

over 2 feet long. Many observers agree that at times the

remora is actually torn apart, like the unfortunate travelers

who were too short for Procrustes' bed, between the pull of

a large fish in one direction and that of the master's cord

in the other. This curious circumstance has led Mr. Mowbray
to suggest that it is quite possible that the structure of the

disk makes it impossible for the shark sucker to let go, when
subjected to the pressure of the water and to the strain of a

force pulling in the opposite direction. When the injuries

are not too severe, the fish is capable of regenerating the lost

part of its body, however. Yet when the remora is lifted

above water while attached to a shark or other large object,

it promptly lets go as soon as its head emerges into the air.

Dr. Gudger of the Museiim of Natural History, who has written

a valuable monograph upon the nature and habits of this

fish, relates that he has seen several remoras attached to the

same shark. As the shark was gradually drawn out of the

water the remoras dropped back from the surface of the

water to take a fresh hold, repeating this operation several

times.

naucrates) and the sword fish remora (Remora brachyptera)

.

The writer has recently had the pleasure of observing some
specimens of the remora in the New York Aquarium. These
were the Echeneis remora, some 18 inches in length and hand-

TAIL OP A SUCKER-FISH WITH LOOP AND SERVINGS.
(AFTER HOLMWOOD, 1884)

It should be said that the word Femora is applied to any

one of several species of fish belonging to Echeneis, Remora,

and allied genera.

Common American species of these sucking fish are the

pegador, or remora which attaches itself to sharks (Echeneis
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CURIOUS SUCTION DISK OF THE REMORA

somely marked with broad longitudinal stripes of black and

white. Even in the aquarium these fish commonly cling fast

to the wall of the tank.

EFFECT OF MINERAL SALTS ON FRESH WATER FAUNA
It has long been known that the waste substances discharged

by many factories into nearby water courses, have a very

deleterious and sometimes fatal effect upon the fish and
other Jiving organisms contained in such streams. The pre-

cise manner, however, in which such injuries have been caused

has not been clearly understood. Various questions present

themselves in this connection ; for example, is the injury due

to an alteration in the osmotic pressure, or to poisoning

through mineral salts, and if the latter, is the toxic effect pro-

duced by a mixture of salts or by the ions of separate salts?

A German biologist, Mr. E. Hirsch, has made an extensive

study of these questions extending from 1912 to 1916. Some of

the results obtained were published in the Naturwissenschaften

(Berlin) for November 8th, 1918.

The subject is one of such importance from various aspects

that we are glad to present an abstract of Dr. Hirsch's conclu-

sions. His researches were carried on mainly in the Wipper in

Thuringia. The first question was to determine whether the

"salting" (in this case artificial in nature) of the river ex-

erted any harmful effect upon the spread of different animals,

and if so, the precise cause of such influence. The author re-

minds his readers that in all these investigations the capacity

of fresh water fishes to exist and propagate themselves in

waters to which salt has been added cannot be directly in-

vestigated. It must be remembered that any kind of fish is

naturally dependent for its existence upon the food supplied

by its environment ; hence, any inquiry as to the injury done

by mineral salts to the fish itself must be supplemented by an

investigation as to the effect produced upon the plants or ani-

mals upon which it lives. The mineral salts which are present

naturally in the waters of the river Wipper are not very

significant. They amount to about 420 mg. per liter, with the

high average natural hardness of 20 per cent, and consist

chiefly of gypsum. At various points, however, waste waters

from potash factories contaminate the river water, either

through a direct discharge or by means of small affluents of

the river. These wastes consist essentially of magnesium

chloride, a mineral salt which considerably increases the hard-

ness of the water and the total content of salt, but on the

other hand considerably lessens the excess of gypsum.
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The irregular distribution of the different kinds of animals

in the region investigated indicates that a high percentage in

the total amount of salts cannot possibly be a decisive factor

with respect to the distribution of the animals for the reason

that the organisms observed were found to be most largely

present in exactly those portions of the river whose waters

contained the highest percentages of mineral salts. Still an-

other observation supports this conclusion. In the domain of

the rivers lying near the Wipper, namely, the Bode and the

Rhine, there is a remarkable lack of living creatures, al-

though the salt content is considerably lower, even when the

points where the catch was made corresponded hydrograph-

ically to the points in the Wipper. Since therefore local con-

ditions cannot be regarded as the cause of the lack of denizens

in the waters, this lack must be ascribed, doubtless, to the

chemical condition of the water. But since these localities

were much less well populated with fishes than others in the

Wipper with almost double the percentage of salts, it is evi-

dent that in this case too the height of the percentage of the

salt content cannot be regarded as a decisive factor, but only

as a peculiarity of its composition.

This opinion receives strong support from the following

considerations : the extensive investigations of J. Loeb and his

school have indicated the toxic action of the separate ions of

the salts and have also shown that this effect may be elimi-

nated by the addition of some other ion (as an antidote).

Thus sodium is made harmless by the addition of potassium

and magnesium by that of calcium and vice versa. These

facts and results of other experiments caused Mr. Hirsch to

form the hypothesis that the injury received by the water

fauna must be due to the composition of the mixture of salts

contained in the river water. He came to the conclusion there-

fore that the mineral salts in fresh water must be to a certain

degree "de-intoxicated." This of course is a counsel of per-

fection since it would hardly be possible to accomplish this

outside the laboratory. It is evident, however, as a conse-

quence of this theory that the fauna of the water are injured

by the ions of the non-neutralized excess of a salt, but that this

toxic action does not take place until the total concentration

of the water reaches a certain degree which has not hitherto

been precisely denned.

Practical experiments justified the theoretical conclusion

;

for instance, it was found that those brooks in a domain of

the Wipper which were scantily populated contained an extra-

ordinarily great excess of calcium sulphate. The marked pre-

dominance of the S04 over chlorine in other cases caused no

especially noticeable damage to the fauna; hence it must be

concluded that the peculiar mixture relations of calcium and

magnesium are responsible for the scanty numbers of the fish

population. This enables us to understand, likewise, the

singular distribution of different kinds of animals in the

Wipper. It was possible to demonstrate that a plentiful sup-

ply of water fauna begins to develop in the upper Wipper

just at the point where there becomes perceptible a gradual

neutralization of the considerable excess of calcium by means

of the magnesium received in the waste waters from the

potash works along the course of the river. Correspondingly

it must be noted, however, that certain organisms diminish in

proportion as the ratio of calcium to magnesium becomes such

that there is an excess of the latter.

Dr. Hirsch refrains from claiming that these observations

furnish a final definite answer to the question as to whether

the injuries done to fresh water fauna through the presence

of mineral salts is due to osmotic pressure or to the toxic

effect of separate ions, but it certainly seems evident that

the aforesaid toxic action is chiefly, if not entirely, concerned

in the damage done.

might be led to believe. A little closer inspection shows that
they are regular exogenous trees with well-developed bark and
wood entirely unlike a true palm. There is probably no other
hardwood tree that looks more like a palm than the Mountain
Pride of Jamaica or so called Maiden Plum tree of the West
Indies. The botanical name is Spathelia simplex; the generic
name is from a Greek word meaning staff, having reference to
the long slender stem and the specific term relates to the fact
that the stem is always simple. The tree never develops
branches and for this it is most remarkable. Like the cocoanut
palm it invariably leans to one side which is due to the excessive
weight of the numerous long leaves disposed closely at the top
of the stem which is in many instances 50 feet high and only
from 15 to 18 inches in circumference.

The leaves are pinnate and very variable both as to their

size and character and to the general outline of the leaflets,

which are disposed irregularly in from 20 to 40 pairs. The

THE MOUNTAIN PRIDE OF JAMAICA
The two trees with the tall slender stems shown in the ac-

companying photograph are not palms as the casual observer

THE MAIDEN PLUM TREE OF THE WEST INDIES

lower leaves are several feet long and droop, while those near
the lop or apex of the stem are much shorter and are fre-

quently nearly erect. As the lower ones are shed, they leave

triangular protuberant marks or scars on the stem which may
be observed to run spirally around the trunk from the base to

the top as in many of the palms.

While this tree has many features of interest both to the

botanist and the layman, one of the most singular facts about it

is, thit it produces fruit only once in a life time and then dies.

The large pyramidal flower cluster which grows from the very

apex of the stem overtopping the leaves does not appear until

the tree is from 8 to 10 years old. The large panicles of beau-

tiful bright purple flowers may be seen at considerable dis-

tances as the trees usually overtop all others in the forest.

The flowers develop rapidly into relatively small drupes re-

sembling plums, hence the local name Maiden Plum tree.

As soon as the fruit is fully matured, the life of the tree

appears to have been sapped away and it dies. The wood which

is almost white and quite soft is never used and soon decays,

leaving no trace of what a short time before was a thrifty look-

ing tree attracting the attention of every passerby.



German War Substitutes*

Ingenuity Employed in Devising Substitutes for Products Cut Off by the Blockade

By A. Belter

THE ingenuity of the Germans was taxed to a high degree

during the war to produce substitute technical and ali-

mentary products to counteract the effect of the blockade

which prevented them from importing many important and
useful commodities. As a result many new industries were
created of which we still possess only vague information.

Substitutes for foods and different industrial substances were
devised in large numbers and some of the more important of

these will be described here. •

A. FOODS

1. Meats.-—The quality of sausages, which is used very

largely by the Germans, decreased materially after the start of

the war. Abattoir refuse was used for their manufacture to

a far greater extent than before the war, but always under the

supervision and control of the Government. Imported sausages,

which sold at a very high price in spite of their poor quality,

contained very large quantities of flour and water. There were

also to be had preserved meats in imported boxes, which had

to be heated before their contents could be eaten. According

to Ruble, for example (Zeitschr fur Aug. Chem. 1916, I, page

369), a box, containing a pound of "ham with macaroni and

tomato bouillon," had only 17.5 grams of ham in it. A pound

can of "pork with sauerkraut" contained only 38 grams of

meat.

Hundreds of substitutes for meats were manufactured which

consisted for the most part of highly spiced and salted mix-

tures of ground cereals (maize, wheat, barley and rye) and

potato meal or crushed nuts. Certain proportions of gelati-

nous substances were added to give the product the appearance

of a jelly.

Fish was used with great success. The Germans were

able to remove the peculiar fishy taste and give the product

the taste and aspect of a large variety of meats. Spanish

mackerel, for example, was made into ragouts, escalops, roasts,

etc., and it was impossible to detect the fish in the dish. The
law made the sellers of these preparations declare their true

compositions.

Sausages were also made from the meat of fishes, crabs

and mussels. These sausages could be eaten cold or in the

form of a hot soup. Finally, the meat of cetaceous animals

(whales, seals) was consumed in large quantities. Carefully

guarded secret processes were used to remove the disagreea-

ble fishy and oily taste from these preparations.

2. Extracts for Use in Soups.—Such products deteriorated

in quality very rapidly. The extracts made from yeast were

passable to the taste at first; then their content in yeast di-

minished more and more until they contained up to 60 per cent

of common table salt.

8. Eggs.—Two kinds of mixtures were used as substitutes

for eggs. One sort did not contain any albumen while the

other contained some vegetable albumin or casein. The worst

products, belonging to the first class, were nothing more than

maize flour, colored yellow, to which some bicarbonate of

soda was added, or a mixture of bicarbonate of soda and tar-

taric acid, or else some acid phosphate of calcium to give the

product the suppleness of the natural egg.

//. Milk.—Condensed milk was consumed in large quantities.

This was made from the whole milk or from whey with or

without the addition of sugar. Foreign milk, sterilized in the

bottle, was imported.

Various artificial milk powders were manufactured, some

of which served their purpose very well. Others, on the other

Translated from I'Industrie CMmique, 1920, pp. 112-114.

hand, did not emulsify with water readily or completely. The
soldiers in the field used milk powder, which was compressed

into the form of tablets. One of these powders, which proved

to be very popular, consisted of a mixture of casein, fat, lac-

tose and salts. When this was dissolved in hot water, it gave

a product which had the appearance and composition of milk.

A creamy milk powder, which was sold under the name of

"Lacto-preserve," was made in the following manner. Good
pasteurized milk was subjected to the action of lactic acid

ferments at 36° C. until a certain degree of acidity was ob-

tained. The product was then evaporated to dryness in vacuo
at 50 °C. 1,600 grams of the pulverized residue were mixed
with 300 grams of sugar, 100 grams of wheat flour and 20

grams of "roborat," a food consisting of pure vegetable al-

bumin made from grains of wheat. The final product was a

white meal which had the following composition : dry matter,

89.36% ; albumin, 22.94% ; fat, 11.28% ; carbohydrates, 51.70% ;

salts, 5.05%. When 200 grams of this mixture are dissolved in

a liter of water an emulsion is obtained which looks and tastes

like a good fresh creamy milk. This beverage is very nutri-

tious and can be used to good advantage by children and in

the treatment of the diseases of the stomach and the in-

testines.

5. Butter.—Oleomargarine is a good substitute for butter,

provided it is manufactured carefully and has a good taste.

Cocoanut butter can replace ordinary butter in the kitchen

equally as well. But the Germans soon depleted their sup-

plies of these substances. To butter bread, mixtures of flour

and casein were used. Fraudulently sold butter "ersatz"

consisted of mixtures of flour and curdled milk. An "ersatz,"

called "Nova," was nothing more than potato meal, colored

yellow and mixed with salt and magnesium sulphate. An-
other "ersatz," which had the appetizing appearance of a good

yellow butter and which sold at 1.40 marks per pound, con-

tained 17% fat, 13.5% potato flour, 5.5% of salt and 64%
water.

6. Fats and Oils.—The almost total deficiency in the supply

of fatty substances resulted in the search and discovery of

new sources of supply which no one had thought of hitherto.

An important development was the processing of that part

of the cereal known as the germ, which contains about 12% of

its weight in fat. Before the grain is ground the germs are

removed by means of a special machine. In the case of wheat,

the germ forms about 2 to 3% of the total weight and in the

other grains it is about 1 to 1.5%. Based on an annual yield

of 15 million tons of cereals in Germany in two crops, the

germ production would amount to 100,000 to 150,000 tons

which would yield about 10,000 tons of oil. After the fatty

matter has been removed from the germ, the remainder can be

used to good advantage as a food, because of its high content

in albumin.

The substitute for salad oil was made from the viscous

liquids extracted from plants, such as the marsh-mallow.

The extract was colored yellow and spiced with a preparation

made from cabbage and preserved by means of benzoate of

soda. Emulsified solutions of gums, such as agar-agar were
used as well. Oils were manufactured and are still being

manufactured from the seeds of fruits and the kernels in the

nuts of such fruits, as peaches, plums, etc.

These fruit stones are first crushed in special apparatus and

the kernels are separated from the shells by means of a

solution of calcium chloride or- chloride of magnesium (den-

sity: 1.15). The kernels (density: 1.05) float on the surface

of the liquid while the shells of the stones (density: 1.18)

sink to the bottom. The kernels are then washed, dried and
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Anally pressed in a hydraulic press to squeeze out the oil.

Another process consists in reducing the stones to the state

of a pulp and then extractimg the oil by means of an appro-

priate solvent. The steam, which is used in recovering the

solvent, frees the oil completely from hydrocyanic acid.

7. Sugar and Honey.—Properly speaking, there is no substi-

tute for sugar. To sweeten marmalades, lemonades, etc., glu-

cose or a glucose syrup was used. Saccharine is not sugar

but only tastes like it and, as is well known, has not the

nutritive value of sugar. The quantity used in sweetening a

cup of coffee or tea is insignificant, as this coal tar derivative

has 300 to 500 times the sweetening power of ordinary sugar

itself. Saccharine can be used very well in beverages, but

cannot be used in the preparation of jellies and like confec-

tions whose consistency is due to the sugar that is contained

in them.

An artificial honey was also manufactured, but as the supply

of sugar was very limited, the production did not amount to

very much. The artificial honeys were made by converting

sugar into invert sugar (an uncombined mixture of dextrose

or glucose and levulose or fructose (fruit sugar). The sugar

that was used was made from beets. To the product obtained

as above, various coloring matters and aromatic substances

were added.

Artificial honey powders were constituted of colored mixtures

of cane sugar and acids for inversion (tartaric or citric acid).

Furthermore, liquid inversion mixtures were sold as such, to

which the purchaser himself was supposed to add the sugar.

With two such mixtures, if the directions were followed im-

plicitly, a syrup, having the exact taste and color of honey,

was obtained.

8. Marmalades and Jellies.—Many mixtures were sold under

these names which did mot contain any natural fruit at all

and which had about the same composition as the artificial

honey powder (cane sugar and inversion acids). These prep-

arations were colored and were incorporated with various

aromatic substances to simulate the taste and appearance of

the different fruits, such as apple, grape, strawberry, etc.

The jelly powders were differentiated from the marmalade

powders by a more or less large addition of gelatine.

9. Coffee.—No plants containing caffeine grow in Germany

and all the various coffee substitutes did not contain that

nerve stimulating alkaloid. The best that could be done was

to manufacture bitter infusions which had the color of coffee

and the most widely used of which were made from chickory,

barley and rye. These preparations were consumed as such

or added to real coffee. Other substances that were used at

the very beginning for this purpose, but whose use ceased soon,

due to depletion of the supply, were figs, date stones, carob-

beans, which came from foreign countries and then beets, after

their sugar content had been extracted. In addition, acorns,

chestnuts, grapestones, turnip-cabbages were also employed to

make coffee substitutes, but the "ersatz" that was appre-

ciated most was made from malt. This preparation is still

being used in large quantities. It has the aroma of coffee

and is brewed from the roasted malt.

10. Tea.—In a similar manner the German flora do mot con-

tain any theine, which is the particular alkaloid that gives tea

its characteristic taste and physiological properties. Various

concoctions were prepared but none possessed the aroma and

tonic effect of tea. The leaves of the small meadow rose, of

the strawberry plant, of the blackberry, of moss, of the

cherry tree, of German acacia, and of the black currant tree

were used. Infusions, made with the dried berries of the

hawthorne plant, were conserved in large quantities. The bev-

erage had a very agreeable taste and the scent of vanilla.

11. Spices.—Most of the spices were imported, but as their

use is only to flavor foods and as they do not themselves

possess any nutritive value, the Germans could very well do

without them. It may be remarked that one of the most es-

teemed spices, vanilla, was supplanted entirely by the syn-

thetic vanillime.

B. TECHNICAL PRODUCTS

Very little indeed has been published on the various technical

"ersatz" substitutes that the Germans used during the war.

These substitutes must have been undoubtedly very numerous
and very interesting and it is unfortunate that our knowledge
of them is so limited.

1. Metals.—The imports of metals into Germany before the

war were very large. Many of these were not found in Ger-

many itself and still others, while native to the country, were
not refined in sufficient quantities to satisfy the demands. At
the beginning of the war the Germans had a considerable stock

of all sorts of metals, in the raw state and as manufactured
products. A classification of these metals, termed "Reserve

Metals," was made from the military point of view, as follows

:

Copper, nickel, tin, chromium, tungsten, lead, zinc, antimony

and aluminum. The strictest economy was practised im their

use. Copper was replaced by zinc or aluminum. Very accu-

rate tests proved that the alloys of copper are not absolutely

indispensable, as was thought formerly in the manufacture of

machines. Good results were obtained with iron or the iron

alloys. Parts of machines, made from cast-iron, such as water

or steam cylinders, were much more water-tight or steam-tight

than when made from copper alloys, as the coefficient of

expansion of cast iron is smaller than that of copper and its

alloys. No one would have believed before the war that bear-

ings for rapidly rotating shafts and axles could be made out

of cast iron and give perfect satisfaction.

Iron replaced copper on a large scale in electrical installa-

tions, that is, for electrical conductors. Zinc was employed

for the windings of dynamos and motors in spite of its rela-

tively high electrical resistance.

Aluminum has been replacing copper more and more not

only in Germany but elsewhere as well. Aluminum, alloyed

with a few per cent of copper (the alloy can be machined

more easily than the pure metal ) , was used first by the Ameri-

cans in making howitzer shell fuses. The Germans also dis-

covered a substitute for anti-friction or babbit metal, but

nothing has appeared in their literature up to the present

time concerning this interesting subject.

2. Gasoline and Benzine.—To clean garments and to dissolve

greases, gasoline and benzine were replaced by carbon tetrachlo-

ride which possessed the great advantage of being incombusti-

ble. In a like manner the Germans used and still are using

tetrachlor ethane, pentachlor ethane, trichlor ethylene and
hexachlor ethane. All these products are obtained by the di-

rect combination of acetylene with chlorine in the presence

of catalysts. There is scarcely any difference between the cost

of making these chlorine derivations and that of gasoline or

benzine and in addition all of the former substances are in-

flammable. Furthermore they can be recovered without loss

by distillation with steam, as their densities are such that they

sink to the bottom of the watery liquid and evaporation is

prevented thereby. However, ethane tetrachloride possesses

the disadvantage of being poisonous when breathed in large

quantities. When dry, these substances have no action on

metals and trichlor ethylene does not attack metals even at

the boiling point and in the presence of water. These products

have been used in every increasing quantities in the industries

as solvents of greases, resins, in the manufacture of varnishes,

cellulose acetates, in the treatment of bones, beeswax, hair

and skins, wool, cotton waste, stearin, casein, paraffin, oleagi-

nous graims, sulphur, etc. Ethylene trichloride was employed

in particular in the manufacture of explosives and the hexa-

chloride proved very advantageous as a substitute for cam-

phor in the fabrication of comparatively fireproof celluloid.

Gasolene and benzine, as motor fuels, were replaced with

good results by mixtures of benzine and wood alcohol, or

gasolene and wood alcohol, or acetone and wood alcohol. Be-

cause of the lack of coal, large quantities of combustible

liquids were consumed. In many large factories, Diesel en-

gines were operated on coal oil with very good results and at

low cost.
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3. Lubricants.—The supply of lubricants was conserved by
mixing the oils with very finely divided graphite. The best

products were obtained with colloidal graphite, such as is

found in the commercial preparations known as "Collag" and
"Oildag," which are themselves nothing more than mixtures

of oils and graphite, intended for incorporation with lubri-

cating greases. By the addition of 1 to 2 per cent graphite

to the lubricating oil, a saving of 50 to 60 per cent in oil

was effected. Soot was also used with great success. In

certain cases pure graphite without any oil at all was found
to be very effective. Lubricating oils and greases were made
as well from fish oil and tar oil. An interesting fact is that

the molasses, recovered in sugar refineries, was found to be

an excellent lubricant.

4. Fats and Oils.—Due to the importance of these sub-

stances as lubricants, as raw materials in the manufacture of

soaps, glycerine, stearin, greases, etc., the German chemists

and technologists paid particular attention to the development

of "ersatz" materials to take their place. Many interesting

new processes were devised and much work was done in per-

fecting the old ones.

The chemist, Linder, found a new source for grease by

cultivating a sort of barm which contained in the dry state

17.0G per cent fat and 31.40 per cent of protein matter. An oil

is extracted front it and can be used in the manufacture of

soap. A German patent was Issued on the process of obtaining

fatty substances by heating the refuse from fisheries, abattoir

waste, etc., in autoclaves under pressure. The fecal refuse of

cities and towns served as a source of fats and large quantities

were thus made available. Such a process (Pick and Arnold)

had already been used in the United States before the war.

The German patent (No. 1453S9) describes a process for

the extraction of this fat by means of benzine. A clear prod-

uct was recovered which had no odor and neither had the

residues remaining after the extraction ; they made a very

good fertilizer. Another process (German patent No. 159170)

consisted in saponifying the fecal matters with alkalies at the

boiling point. The soap is leached out with water and then

acidified to precipitate the fatty acids. These are then ex-

tracted by means of suitable solvents and are used either in

the manufacture of candles or to make stearin.

Even before the war the recovery of grease from sewage
had assumed considerable importance. Bechhold (Chem. Ztg.,

1915, p. 283) estimated that about 670,000 kilos, of grease

were contained in the daily sewage production in Germany.
In traveling from the kitchen to the city recovery pits, the

diluted fats undergo a partial dissociation and a part of the

glycerin is lost in this way. In order to avoid this loss, it was
recommended that there be installed in each house a small

recovery tank into which the sewage would first flow from
the kitchen drains. The grease that is extracted from the

mud that accumulates in these tanks is a dirty brown prod-

uct. When subjected to distillation under reduced pressure,

the impure grease yields a yellowish material, which sepa-

rates into two parts when pressure is applied to it. Equal
weights of olein and solidified stearin are obtained. The olein

is used for lubricating purposes in spinning mills, in the manu-
facture of pharmaceutical pomades for the "toilette," and in

making an inferior grade of soap, containing free olein, as for

instance the soap that is used in tanneries. The residue that

remains after the distillation of the crude grease is a sort of

pitch which is employed in the insulation of electric cables, as

a lubricating grease and also in the manufacture of roofing

paper. The degreased and dehydrated mud deposits in the

household tanks are used as a fuel or to make fertilizers.

5. Soap.—Soap was an esteemed luxury to the Germans dur-

ing the war as may readily be imagined from the great defi-

ciency in oils and fats. Before the processes, described in

Section 4 above, were developed, a sort of soap was used under

the name of "war. soap," which did not contain more than a

very small amount of fatty acids. For cleaning clothes, soap

was replaced by soda ash (carbonate of soda), silicate of soda

(water glass) and silicate of ammonia. Good results were
obtained as well with oxygenated water and perborates (borax

powders). A very curious product, called "burnus," contained

a tryptic enzyme (compare trypsin, an enzyme found in the

human intestines, where as is known the fats and oils are di-

gested manly. Abs). This enzymetic substance was actually

derived from certain human glands. It has the property, even

when present in the most infinitesimal proportions, of decom-

posing the fats and albumins and rendering them soluble in

water. Other soaps were made with clay as the basic sub-

stance. The active ingredient of this was the colloidal clay

as it exists in finely powdered kaolin. Soaps were manufac-

tured as well from kieselgnhr (infusorial earth, as is used in

making dynamites).

As a substitute for toilet soap a mixture of clay and a
resin soap was used. Very often emulsive substances such

as saponin (chemically this substance is known as a glucoside

and possesses the property of emulsifying with water and pre-

venting the precipitation of resinous matters. Abs.) and the

washed residues from cellulose manufacture were added to

these soaps. To clean the hands preparations containing pow-
dered pumice, wood ashes, cinders, etc., found favor.

6. Glycerine.—The production of glycerine was curtailed se-

riously by the lack of fats and the gradual cessation of the

manufacture of soap. Furthermore, all the glycerine that was
made was used in the fabrication of explosives and the general

public was forced to do without this substance. (Where the

use of glycerine was primarily due to its inherent chemical

properties, it was of course impossible to replace it. This

was the case in the manufacture of explosives and as a result

new processes were developed for making this substance. The
most important of these was the manufacture of glycerine

from molasses or sugar, either cane, fruit or grape. The ordi-

nary fermentation process starting with a sugar yields alco-

hol. The process is conducted under such conditions that fer-

mentation is not permitted to go to the alcohol stage, but is

stopped at the aldehyde stage. This is accomplished by the

addition of sodium sulphite and when this is done, glycerine is

formed instead of alcohol. This glycerine is recovered by dis-

tillation. The process was and is being operated on a com-
mercial scale. Abs.)

For some purposes it was satisfactory to use "ersatz" ma-
terials instead of the glycerine. In field kitchens, for example,
glycerine, as the heating conductor, was replaced by vaseline,

oil or by a low melting paraffin. To soothe chapped hands and
face, as a viscous liquid capable of mixing with water, it was
substituted by erythrite (or erythritol, a carbohydrate alcohol),

as well as by certain salts of lactic acid, called perglycerine

(lactate of soda) and perkaglycerine (lactate of potash).

Many other substitutes for glycerine were nothing more than
sirups made from ordinary sugar.

7. Rubber.—jNo plants have ever been found in Germany
whose saps or juices could be used in the manufacture of

rubber. Attempts have been and are still being dade to dis-

cover such a plant. The shortage of rubber was very acute.

Automobile trucks for transporting men and supplies were
furnished with specially made metallic wheels. It was a rare

thing to see pneumatic tires on any vehicles or motorcycles.

Many processes were devised for regenerating old rubber
and rubber waste of all sorts. Much attention was paid to

the synthetic rubber industry. Rubber was made from iso-

prene, butadiene, and dimethybutadiene by the polymerization

process, causing two or more molecules of these substances

to combine. The great German dye and chemical house, the

"Badische Anilin und Soda Fabrik," perfected a process dur-

ing the war of producing these intermediate substances, which

was fraught with great promises. Butadiene was made from

benzine and phenol ; isoprene from the three acyclic pentanes

contained in low boiling gasoline. There is no lack of these

raw materials in the world as the petroleum produced in the

United States alone in 1913 contained 300,000 tons of these

pentanes.
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Several substitutes for rubber were developed, two of the

most important of which are cited below

:

A. The white' "ersatz," which is obtained by the action of

sulphur chloride (S 2C12 ) on rape seed oil. When these two
substances are permitted to react, there is formed an addition

product of a pale yellow color, possessing almost the same
physical properties as ordinary rubber, and containing about

6 to 8 per cent sulphur and the same proportion of chlorine.

This product is insoluble in most of the organic solvents, but is

saponified by caustic alkalies with loss of the chlorine.

B. The brown or black "ersatz," which is obtained by the

action of sulphur at a higher temperature than in the first

process on rape seed oil, previously oxydized by being heated
in air. The product contains from 4 to 20 per cent sulphur, is

insoluble in the organic solvents and is saponified by caustic

alkalies, producing sulphur soaps. It was sold in the fonm of

elastic slabs or as a reddish brown powder. Ebonite was re-

placed by a product called "Ernolith," which was formed by
the action of formaldehyde on yeast and brewery refuse.

8. Leather.—The supply of leather was exhausted very soon

after the suppression of the importation of hides. The slaugh-

ter of animals was reduced to a minimum and that coupled

with the great amount of leather consumed by the army prac-

tically eliminated the use of leather 'by the general public. The
development of substitutes to take its place was, therefore, of

momentous importance.

The best "ersatz" was made from waste leather, very finely

pulverized and pressed into sheets by the hydraulic press,

with the incorporation of a binding agent. The pliability of

the product was increased by the addiiton of oil. This was
the first leather "ersatz" made, but, as the war progressed,

other substitute products were manufactured, which contained

but little if any leather at all. One of these "ersatz" ma-
terials was made by mixing together wool reduced to the

state of a fine fuzz, cotton lint, wood pulp and a suitable

binding agent, such as a strong glue or a solution of rubber.

The sheet of "leather" made from this mixture was strength-

ened by the interposition of layers of fabric. Another process

consisted of manufacturing very thin sheets of artificial

leather which were then glued together with layers of fabric

intervening between each sheet of "leather." Another "ersatz"

was the product known as linoleum and called "peganoid."

This was made from celluloid refuse, castor oil and a mineral

coloring matter. Another leather substitute was produced

by impregnating woolly fabrics with a solution of viscose or
'

rubber. This last product possessed the advantage of resem-

bling leather throughout its entire thickness. Later "ersatz"

leathers were nothing more than cardboard impregnated with

ordinary varnish or with celluloid varnish.

An artificial leather was made by treating hide waste with

lime water until it began to decompose. This product was
then washed carefully with water, the hair was removed in

special grinders and the dehaired material treated in a bath

of sulphate of zinc. The "ersatz" was dried finally in a

vacuum drier at 70 C
C.

9. Resins.—Before the war the Germans imported large

quantities of resins from the United States and France. To
take the place of these imports, artificial resins were manu-
factured. Coumarone, for example, was made by treating at

elevated temperatures the heavy hydrocarbons of the benzine

series, boiling between 155 and 185°C. with concentrated sul-

phuric acid. The coumarone that is formed is polymerized

and yields coumaron which is separated from the unchanged
heavy benzines by distillation with steam. Bakelite and resin-

ite, made by the condensation of phenol with formaldehyde,

were also used.

10. Textiles.—The textile substitutes were of very great

importance as all importation of cotton ceased and as the sup-

plies of wool, hemp, flax and jute decreased very rapidly,

threads and fabric were made from the nettle plant, which was
cultivated very extensively. Processes for utilizing meadow
grass are still being experimented with. An interesting sub-

stance called "solidonia," possessing a beautiful brilliant fiber,

was made from the material formed between the bark and
the wood of certain trees. This was mixed to good advan-

tage with wool. Artificial wool made from wool waste was
used in large quantities. The fiber called "stranfa" was a jute

"ersatz," which was made from straw. This was used alone

or mixed with jute and hemp to make cord, bags and fabrics

for clothing.

The most interesting of the textile substitutes was thread

made from paper. This was used alone or in combination

with other fibers. Fabrics for all purposes were made from
these fibers as well as twine, rope and transmission belts.

Textilose was the name of a product of good quality, which

consisted of paper covered with a thin coating of cotton. Tex-

tilite consisted of a mixture of paper fibers and various other

textiles.

To make paper threads the layer of wet paper was cut while

on the blanket of the paper-making machine or as it came out

of the machine at the back end. In the latter case the strips

were moistened first before twisting them into the form of

a thread. The strength and resistive powers of the thread

were enhanced by treatment with suitable chemicals. Threads

were also manufactured, which consisted of a core of

jute, hemp or cotton (or even a very fine metallic wire)

clothed in paper.

SULPHUR

It is gratifying to note the change in the type of publicity

which has accompanied the growth of the chemical industry.

Manufacturers are putting more and more information into

their booklets, many of which seek to convey real information,

the interest of the manufacture being mentioned in an unob-

trusive manner. A recent valuable booklet treats of sulphur in

an unusually interesting way, laying stress upon methods of

analysis, including the determination of moisture, ash, total

sulphur, arsenic, selenium, and tellurium. Much of the sul-

phur now obtained in this country is produced with a purity of

at least 99% per cent. The moisture seldom exceeds 1/10 of 1

per cent unless the sulphur has been exposed to recent rains.

With ' sulphur so pure the total sulphur is ordinarily deter-

mined by difference, that is, the possible impurities, ash and

moisture, are determined, subtracted from 100 per cent and

the remainder termed sulphur.

The booklet in question brings together, in addition to a short

bibliography, a compilation of the physical and chemical prop-

erties of sulphur such as the atomic weight, the vapor density,

the properties of commercial sulphur, forms of sulphur, its

vapor pressure, surface tension, compressibility, coefficient of

cubical expansion, coefficient of linear expansion, conductivity

of heat, electrical conductivity, frictional electricity, melting

point of both rhombic and monoclinic sulphur, a chart on the

change of melting point with pressure, the transition tempera-

ture, specific heat, the triple point, heat of combustion, of

vaporization and of fusion, change of viscosity of liquid

sulphur, heat of solution in carbon bisulphide, and solubilities

in various solvents.

The properties of commercial sulphur are given as follows:

Insoluble in water and in most acids. Tensile strength approxi-

mately 200 pounds per square inch. Heat conductivity one-

half that of cork and one-quarter that of ice. Electrical con-

ductivity lower than that of any other solid substance. Melt-

ing point from 110.2 to 119.25°C, depending upon conditions.

Boiling point 444.6 C
C. Ignition temperature 248 C

C.

The sulphur industry has developed rapidly with the ad-

vance of civilization, and today sulphur and the various chem-

icals derived from it constitute the most widely used chemicals

in the world and millions of tons of the element are used

annually. Prior to 1905 most of the sulphur was obtained from

ores contlaining it, known as pyrites, or from mines in Sicily.

By 1905 America had come into the world field with a produc-

tion by novel methods devised by Frasch, a chemical engineer.



Oil Containers

Manufacture of Millions of Oil Barrels and Cans

By Robert G. Skerrett

LAST year our oil wells yielded 376,000,000 barrels of

petroleum, and during the same twelvemonth we im-

ported 47,000,000 barrels of crude oil. The movement
of this combined vast volume was achieved in the main by

pipe lines, tank cars and ocean-going steamers especially de-

signed for the transport of this raw commodity. But tremen-

dous as this supply was the demand exceeded it. As a conse-

quence, the urge for greater production remains, and this must
be met if the world's needs are to be satisfied.

Dr. George Otis Smith, Director of the United States Geo-

logical Survey, recently announced that in the first three

months of 1920 we were drawing from our subterranean stores

of petroleum at the rate of quite 415,000,000 barrels a year

and that the trend of consumption would represent total re-

quirements of more than 490,000,000 barrels during the cur-

rent twelvemonth ! The foregoing figures have been cited

merely to emphasize the immensity of the industry and to

bring home to the public at large another angle of the prob-

lem—that of ultimately distributing the billions of gallons

of derivatives which our many refineries turn out for va-

rious purposes.

As most of us know, it is from crude petroleum that we get

gasoline, kerosene, lubricating oil, fuel oil, and a variety of

other essential products which meet the different demands
of our life of today and help to add measurably to the comfort,

convenience, and indispensable activities of other peoples

who have learned from us what these substances can do for

them. Once the refiner has effected the extraction of these

multiple derivatives from the crude oil of Nature's providing

then it is necessary that suitable containers of one kind or an-

other shall be fashioned in order that the marketable materials

can be sent broadcast to their destinations. This means that

barrels, cans, and boxes must be fabricated capable of holding

securely the divers oleaginous merchandise.

Every big refinery, therefore, commonly maintains its own
container department as a regular feature of its business or-

ganization. This is cheaper than buying from outside sources

and, besides, saves time, inasmuch as the refiner can thus

make sure that he has continually on hand the facilities for

shipping his oil products. This branch of the industry may
properly be dealt with in its two outstanding phases—one
having to do with the making of barrel staves and headings
and ready-to-assemble shooks for wooden cases and the other

embracing the actual putting together of barrels and boxes, the

fashioning of cans, and the filling and sealing of the several

sorts of containers.

Copyright, Keystone View Co.
A TANK STEAMER BEING LOADED WITH OIL AT PORT ARTHUR, TEXAS
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STAMPING AND CUTTING MACHINES FOR MAKING
OIL CANS

A STORE ROOM FILLED WITH FINISHED OIL CANS
READY FOR FILLING

One of our biggest oil companies operates a cooperage sub-

sidiary which furnishes the staves, headings and shooks and

leaves it to the refineries, run by the same organization, to

put these parts together. The cooperage enterprise starts

work right out in the timberlands, and to meet its require-

ments it is obliged to cut over something like 60 acres of oak

and 30 acres of pine and gumwood stands daily. The age of

the gumwood trees ranges from 140 to 300 years, while the

growth of the oak may cover a period of from 100 to 200 years.

Eirst-class lumber only will stand up under the stresses of

transportation and handling ; and inspection is, therefore,

exacting.

The timber, after felling, is cut to log lengths and moved in

the most expeditious manner to the mill where, if to be used

for box shooks, they are sawed into boards of suitable thick-

nesses, but if intended for staves and headings, the oak is

sawed into what is termed "bolt lengths," commonly 36 inches

long for the staves and 22 inches long for the headings. The

bolt lengths are next quartered longitudinally. The woodsmen
are not permitted to fell trees of less than 10 inches in diameter

at the butt. In working logs into staves, a machine known to

the trade as a drum or stave saw is employed. This cuts the

quarters and at the same time shapes the staves. To insure

the desired strength, care is taken to saw both the staves and

headings with the grain. These parts are piled in the open

where they are left to dry for three months. Next, they are

thoroughly kiln-dried, after which the materials are ready to

be sent to a factory where the jointing and the circling of the

headings are done.

The jointing of the staves consists of beveling the edges;

and preliminary to rounding or circling the heading this part of

the barrel-to-be also is nicely matched and jointed so as to

insure close-fitting seams. No head is made up of more

than five pieces; and these are held together by means of

hickory dowels. Absolutely tight joints are obtained by in-

serts of heavy paper. With the heading thus assembled, pro

tern., a special machine, at one operation, does both the circling

and the beveling of the circumferential edge so that the

heading will fit snugly into the barrel.

Box shooks—the parts that go to form the tops, bottoms,

sides and ends of cases—are made from pine, poplar and gum-

wood. These are manufactured as near the stands of timber

as possible and then shipped in a knocked-down condition to the

different refineries where they are nailed together ready for

packing. This cooperage company employs something like

1,000 people and has houses, stationary and portable mills,

machinery, locomotives, cars, steel rails, tugs, barges, and

draft animals for carrying on its undertakings in the States

of North Carolina, Kentucky, Tennessee, Mississippi, and

Louisiana. It also operates in the States of West Virginia,

Virginia, Alabama and Arkansas through outside interests

working under contract. The company's timber holdings ag-

gregate about 140,000 acres in fee simple, some of which has
already been cut over, and there are 7,000 acres on which the

timber only is owned. Four large plants and numerous smaller

mills are engaged in the necessary activities of this particular

organization. One of the big mills, which produces staves,

headings and box shooks, consumes every working day a mat-
ter of quite 100,000 feet of logs. Now let us see what is

done with these prepared wooden container units at the
refinery.

In the port of New York there is located, within the limits

of an immense refinery, the largest oil barrel factory in the

world, which is able to produce every twenty-four hours 7,500

thoroughly finished hardwood barrels—the quartered oak in

the staves and headings being quite on a par in quality with

that used by furniture manufacturers. The staves and head-

ings reach the plant in long train loads, and, as already ex-

plained, thoroughly seasoned. A careful check is kept of all of

these parts and the tally of completed barrels must agree with

the receipts of the incoming material—an allowance, of course,

being made for a minimum of unavoidable waste due to

sawing and trimming.

The assembling operations are delegated to men who have

become extremely expert through long experience, and each

performs his part with rapidity and precision. As a prelimi-

nary to the indispensable handwork, the staves are first put

through planers and sawed to bring them to the exact dimen-

sions desired. Next, the assemblers quickly stand the staves

in a round forming frame, and then bind them for the time be-

ing at the top and bottom with light steel hoops. In this condi-

tion they are passed on to chambers where they are exposed

to steam, from which they are withdrawn, when thus made
more pliant, and sprung into their prescribed final shape.

Following this, the barrels are dried by firing, and then cun-

ningly devised machines square their ends and bore a bung
hole in each. Ingenious apparatus press the the permanent
steel hoops into position and, at the same time, displace the

temporary binders. So far, so good, but a barrel for the oil

industry must be more than commonly tight because of the

searching, penetrating character of its contents.

Therefore, every barrel is subjected to a test with liquid

glue fed in under air pressure. This forces the glue into the

wood and through the tiniest hole or the slightest crevice.

The procedure serves two purposes; it seals minute passages

through which oil might escape and incidentally surfaces the

inside of the barrel with a veneer that is impervious to oil.

Should worm holes or other minor defects develop during the
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glue test, wooden pegs are driven into these and the barrels

are again submitted to a further pressure trial. When the

barrels have passed this ordeal they are placed on tracks

to drain, the surplus glue being caught as the barrels travel

slowly toward an elevator. The latter lifts them to an air

gallery where they are left long enough to dry out. When dry,

they are painted and finally delivered to the filling rooms
where they are charged with oil. Manual work is avoided

wherever possible by the substitution of mechanical aids, and
all these are the gradual outcome of years of experience.

Here in the United States, most of the gasoline, kerosene,

and petroleum lubricants start away from the refineries in

tank cars which carry them to far-flung distributing stations

established along the lines of our railways. Solid trains of

tank cars go from the big refineries every day, but from these

distributing points the contiguous district is supplied in va-

rious ways, and among these cans of different capacities figure

conspicuously according to the nature of the trade. The man-
ufacture of these cans both for domestic and foreign markets
is one of the most interesting phases of the oil business, for

numerous automatic agencies have been called into being to

fabricate, to assemble, and to solder well-nigh the entire tin

container. .

Powerful stamping and cutting machines deal directly with

the sheets of tin that are received at the plant. They press the

metal and bend it accordingly as the material is fashioned into

tops, bottoms and sides. The four sides are formed of only

two pieces which are bent at right angles. The joints are

made primarily by crimping the opposite vertical edges so

that they will interlock and be fairly rigid when brought
snugly together under pressure. In this state, the can-body is

passed to a conveyor and held between narrow steel rails in

such a way that one of the corners to be soldered projects

downward and below the carrier.

As the conveyor moves onward, the pressed joint is trailed

through an acid bath, which serves to cleanse the surface of

the tin and to prepare it for soldering. Next, the acid-coated

edge passes over brushes which wipe off the excess liquid,

and then the corner is drawn through a trough filled with

molten solder. This effects a perfect and binding union and

makes the joint oil tight. Going a little farther, still on the

conveyor, the can-body is turned axially through half a revo-

lution, which brings the opposite corner undermost and in line

for soldering. The steps just described are repeated. The
can-body must now receive its top and bottom. These, pre-

viously stamped, are pressed in place, and the conveyor,

always moving forward, tilts the can successively so that the

four bottom and the four top edges may, one by one, be

bathed in acid and then carried through the troughs of melted

solder. The machines do in a single day an amount of solder-

ing which would be achieved slowly and much more expen-

sively if done by hand.

After the cans have been so fashioned they are subjected to

the scrutiny of alert inspectors. If quite satisfactory they

travel up an incline to the filler room and thence are routed

to different departments, according to the nature of the prod-

uct which is to be put into them. Let us suppose that the cans

we are dealing with are of the 5-gallon kind so familiar to

every automobilist. Each container is run beneath the filling

apparatus and charged with exactly five gallons of kerosene,

gasoline or naphtha for instance, and then moved to the testing

floor and there allowed to stand for a prescribed period to

determine if leaks develop. The need of this should be ap-

parent, especially when we reflect how inflammable the

product is and how apt it would be to occasion injury to

other commodities with which it might be associated in transit.

The opening in the top of the filled can is closed by hand

soldering. To facilitate this work, there is in some plants a

big circular table holding along its outer edge 50 charged con-

tainers, and around this are placed a number of experts who
rapidly seal each can as the slowly-turning table brings one

after the other within reach of their soldering irons. Despite

the fact that this procedure seems to partake of the perilous

the fact remains that explosions or conflagrations are rather

infrequent. And now the filled cans are moved onward to the

packing rooms where two 5-gallon cans are placed in each

Copyright, Keystone View Co,
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wooden case preparatory to shipment. It is in the form of

case oil, especially, that so much of our gasoline, kerosene and

naphtha is sent abroad.

These cases are made from the shooks which come direct

from the lumber mills, and the assembling into box form is

accomplished quickly by means of nailing machines. All the

operatives have to do is to feed in the shooks and the ma-

chines force the nails into place, a whole side at a time. The

four sides are put together first and then follows the bottom.

The ends and sides of the cases travel through machines

which print upon them the name of the company and the

character of the contents. As far as practicable, the descrip-

tive marking is in the language of the country to which the

box is destined. After the cases are packed, another set of

automatic nailing machines secure the covers ; and from that

point the goods are conveyed several hundred feet down to

piers where they are available for loading upon lighters or

L CopyriKiit, i^eyscune View VjO.

MACHINE FOR NAILING BOXES IN WHICH OIL, IN CANS
IS SHIPPED

aboard deep-sea craft. It is at this stage of the work that

the boxes are first handled by men who lift them from the

mechanical carriers to stack them on the deck of a barge or

to swing them into the hold of a near-by steamship.

Until recently it was possible to get plenty of yellow pine

for the fabrication of cases, but now, owing to a scarcity of

this lumber, it is necessary to substitute gumwood. This

presents a more difficult problem for the nailing machines.

However, they are standing up to their tasks very well. The

plant in question produces 50,000 wooden cases and 100,000

five-gallon tin cans every day for the export trade. It is

necessary to do this because of the continuous demand for

containers, and also because it would be difficult to provide

storage room for a reserve sufficient to last more than a day

or two. In short, the containers are made as fast as possible

to meet the requirements of each twenty-four hours.

Until lately the wooden barrel had things all its own way

in the oil industry, but the steel barrel is rapidly coming into

use owing to its ruggedness and ability to withstand a great

deal of rough treatment without suffering materially. In the

end, they are really cheaper than their oaken rivals. When
running to capacity, the New York plant of the refinery pro-

duces daily 500 of these containers, and each has the name of

the owner and the net capacity stamped upon it. These
barrels are galvanized inside and out. By means of immense
machines, flat sheets of steel are speedily shaped into bilge

barrels. They are then plunged into a naphtha bath to cleanse

their surfaces, after which they are immersed in tanks con-

taining molten zinc. The same department ialso repairs

thousands of metal barrels of various types, and this is an

important part of the work. For export purposes the company
likewise makes a large number of light iron straight-sided

drums, which do not return to the filling stations. These con-

tainers are of different sizes to suit the local trade of the

several parts of the world to which they carry petroleum

products.

In South America, China and the Far East generally, and
in Africa, the 5-gallon cans are indispensable because commodi-
ties have to be transported so largely upon the backs of pack
animals. In this way the wooden cases and the tin containers

find their way into outlying districts where the natives

promptly put the boxes and the cans to varied uses after

their contents have been removed. From the boxes they make
pieces of furniture; and the empty cans are employed for

carrying drinking water, for the collection of rubber in the

tropical forests, and the shining tin is also worked into a

variety of domestic articles prized by the housewife. Lined

with cement, the large cans are easily converted into efficient

charcoal stoves. In short, the wooden boxes and the tins fit

into the economic life of these far-off foreigners and are

effective mediums in stimulating the purchase of the petro-

leum products. They are premiums which promote trade.

ACACIA BARK AS AN INDUSTRIAL MATERIAL

During a former period, the continent of Europe furnished

a considerable supply of tanning substances, bark, and the

like, to Great Britain, but when the conditions of the war put

a stop to this traffic, the British market had recourse to a large

extent to the acacia bark or "wattle bark," which prevails

in the South African region. Extracts from this bark began to

be manufactured not only at home but also in South Africa

itself, and moreover, recent figures show that 6,609 (metric)

tons of bark were exported from Natal to Russia by direct

transit. The present bark comes from several species of

acacia which are indigenous to Australia and were intro-

duced into east and south Africa where they are cultivated

in plantations. The tanning material from this source which

is best known in Europe is the "black wattle." Production of

acacia bark now has a great importance in South Africa and

especially in Natal, where rapid progress is being made. In

1916 the area covered by acacia cultivation in Natal was

upwards of 130,000 acres. Exports of cut acacia bark from

South Africa figured at 51,683 tons at an average price of $50

per ton. The bark is furnished especially by the large-leaved

or golden acacia and the black acacia. Commercial bark

contains an average of 32 per cent of tannin, while the extract

contains 60 to 65 per cent. After the operation of tanning or

of preparing the extract, the residual bark can still be utilized

for paper manufacture, and experiments showed that such

bark, which contains 11.5 per cent water and 41.2 per cent

cellulose, will give from 28 to 35 per cent (according to the

treatment) of a dry paste, which, however, cannot be bleached.

Large scale experiments in the factory were carried on, and

it was found that from 28 to 30 per cent of a paper paste

can be produced which is excellent for the manufacture of

heavy packing board of dark color. Acacia wood can also be

used for paper, and it yields 61 per cent of cellulose with ref-

erence to the dry wood, affording a high percentage of paper

paste, or 46 to 50 per cent. But as the fibers are of a short

nature, such paper is not found to be sufficiently durable, but

the paste can be employed to advantage in making up straw

board, especially if mixed in equal parts' with another ma-

terial having longer fibers such as the residual acacia bark

already mentioned.



FIG. 1. ELEVATOR CABLE
DEFECTOSCOPE

FIG. 2. EXPLORING A RAIL FOR DEFECTS WITH AN APPARATUS THAT MAKES A
RECORD OF MAGNETIC VARIATIONS

Magnetic Analysis of Steel

A New Method of Locating Defects without Subjecting the Piece to a Destructive Test

By Charles W. Burrows, Ph.D.

DO you remember the story of Damocles and the naked

sword suspended over his head by a single hair?

If Damocles could be brought to life and made to

realize the imminence of danger in modern life, his fears

would be multiplied a thousand fold. He would realize that

the failure of any one of a hundred parts of his touring car

speeding along the boulevard would land him in eternity.

A broken elevator cable and the failure of the safety catch

and all would be over. The safety of his train ride depends

upon the reliability of countless details. Any one of the

five rails passed over every second as his train speeds along

at the rate of sixty miles an hour is potentially as threatening

as his one-time feebly suspended sword.

Just as the hair that held up the sword of Damocles was
equal to its task, so the component parts of our complicated

modern machinery are able to meet the demands made upon

them. This security is attained by suitable testing. Tbe
mechanical engineer with his tensile testing machine, the

chemist with his reagents, the metallographist with his micro-

scope are all doing their parts in securing reliable and adequate

material. In addition to the established methods of test,

physicists are ever on the lookout for some new means of

examination which will add greater safety. One of the most
recent means of examination is magnetic analysis.

It has long been known that the magnetic properties of steel

depend upon the chemical composition and heat treatment,

and that the mechanical properties have a similar dependence.

For the last eight years the author of this paper has been

trying to ferret out the exact relations that exist between the

magnetic and other properties of steel.

Every steel has its own peculiar magnetic and mechanical

properties. Variations in chemical constitution bring about

corresponding variations in magnetic and mechanical proper-

ties. Heating a steel and quenching it in cold water hardens

it. Here too there are corresponding magnetic changes. In

short there are no two^ pieces of steel with differences however
slight that do not show corresponding magnetic differences.

The entire story of the steel is recorded within the steel

itself. It is written in magnetic language and may be read

by anyone who takes the trouble to decipher the records.

The magnetic analyst is able to tell whether a steel contains

much or little carbon, whether it has been quenched or an-

nealed, whether it is sound of structure or full of invisible

blowholes. The magnetic test differs from all other methods
of test in that it does not destroy or even mar the material.

Suppose for example that a steel airplane guy wire is to be

tested. The mechanical engineer puts it in his tensile ma-
chine and pulls it in two, and says, "Yes, that was good wire.

It required five times the service load to break it." The use-

fulness of the wire however is destroyed by the test. The
chemist would have dissolved the wire and from his analysis

could tell whether it contained the proper constituents. He
could not tell whether it had received the proper heat treat-

ment. The metallurgist with his microscope would tell you that

the small piece which he polished up for his specimen showed
the proper structure and if the wire was of uniform material

throughout it would be satisfactory. These tests either destroy

the test specimen or deal with only a small portion of it.

To be of service, test specimens must be prepared which are

not identical with the material to be put in service. Assump-
tion is made that the test and service materials are similar.

This vicarious testing while it is very helpful leaves much to

be desired. On the other hand the magnetic analyst . does

not destroy the test material and can therefore examine the

very material that is to enter into a given structure.

Magnetic analysis may be of assistance in many different

ways. First in the detection of flaws in material which should

be of the highest degree of uniformity, such as airplane stays,

rails, gun forgings, etc. Second, the determination of quality.

Under this head comes the determination of the perfection of a

341
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welded joint or the repair of a steel or cast-iron casting. Fre-

quently as in the case of welded boiler tubes there is no other

means of examination, especially when the desired quality is

secured by a given heat treatment. This is applicable to

cutlery, small tools, axles, ball bearings, etc. Third, the de-

termination of the life of material in service. For instance,

an automatic recording device can be placed near a mine or

elevator cable, which will give a continuous record of the

condition of the cable and give ample notice of any weakening
or dangerous wear of the cable. Fourth, in the study of the

design of high grade machinery such as automobiles, type-

writers, machine guns. The procedure here is to make mag-
netic tests of the component parts during the course of a life

service test. As soon as any element begins to show signs of

overstrain or fatigue warning is given in terms of certain

changes in the magnetic properties.

For the purpose of determining the variation of magnetic

homogeneities along the length of a specimen the writer has

invented an instrument known as the "magnetic defectoscope."

Of the various magnetic characteristics that might be used

this instrument employs the apparent permeability of the

PIG. 3. DETECTOR TEST COILS FOR THE EXAMINATION
OP RAILS (LEFT) AND WIRES (RIGHT)

specimen under a moderately high magnetizing force. The
apparent permeability which for our purpose we may consider

as substantially equivalent to the actual permeability is chosen

because it is not only a good criterion of the magnetic nature

of the steel but also of the quantity which lends itself to ready

measurement, because under this condition the steel is practi-

cally uninfluenced by its previous magnetic history.

We may recognize six elements in the magnetic defectoscope.

First the bar must be magnetized. In the general type of

apparatus the magnetization is effected by a relatively short

solenoid energized by a direct current of such value that the

magnetization of the specimen is carried well beyond the

knee of the induction curve. The second element is the means
for detecting magnetic variations in the bar. This detector

consists of two test coils having the same number of turns

and surrounding the specimen. The magnetizing solenoid

and the detector are rigidly connected together and are given

a relative motion along the length of the specimen by means of

a suitable motor which forms the third element of the system.

As the detector occupies different positions along the length of

the test material, it is threaded by an induction which depends

upon the nature of the specimen. If the specimen is not quite

uniform the magnetic induction threading one to the coils

and the detector is different from the magnetic induction

threading the other coil, with the result that the electromotive

force generated in one of the test coils is different from that

generated in the second test coil. Consequently the small

differential electromotive force is impressed upon the de-

tector system every time it passes over the magnetic inhomo-

geneity. The double test-coil is used in order to eliminate the

effect of any electromotive force which might be induced by

variations in the magnetizing force. We are thus able to use

as our source of magnetizing current the ordinary commercial

direct-current power circuit. The fourth element is an indi-

cator which must be responsive to the small electromotive

force developed in the detector coils. For this purpose we
find it convenient to use a heavily dampened DArsonval gal-

vanometer of short period. The indication given by the galva-

nometer is recorded by the fifth element of the equipment. The
record is essentially a photographic film caused to move uni-

formly across a small slit through whose opening a spot of

light is reflected by the galvanometer. The sixth and last ele-

ment is the control box which contains all the necessary

electrical switches, rheostats and instruments.

APPARATUS FOE TESTING RAILS

In the rail defectoscope the magnetizing solenoid, the de-

tector test coils and the electric motor for driving the equip-

ment over the rail are mounted in one unit, as shown in Fig. 2.

The magnetizing solenoid is wound with well insulated cop-

per wire on a brass tube approximately 10 inches in diameter

and 20 inches long. The carriage itself travels on two rollers,

one of which is driven through bevel gears by means of a small

electric motor attached to the supporting frame of the solenoid.

Actuated by the second roller through a pair of gears is a pair

of electrical contacts which are closed momentarily when the

carriage has traveled a distance of three feet. Of the two

pair of binding posts, mounted on one leg of the carriage,

one connects to the magnetizing solenoid and the other pair

to the detector coils. The detector coils which are not visible

in this illustration are shown in Fig. 3.

The camera proper is mounted in a slide opposite a horizontal

slit in an elongated dark box. The camera is caused to move
across the slit by means of suitable gearing connected to an

electric motor mounted on the underside of the dark box.

The control box is shown beneath the camera box. On the

sides of this box are mounted the necessary switches and rheo-

stats for the operation of the apparatus. The ammeter for

indicating the current in the magnetizing solenoid and the

electric lamp used with the reflecting galvanometer are also

shown mounted integral with the apparatus. On the sides of

this box are mounted the necessary switches and rheostats for

the operation of the apparatus. The ammeter for indicating

the current in the magnetizing solenoid and the electric lamp

used with the reflecting galvanometer are also shown mounted

integral with the apparatus.

The test rail forms part of a closed magnetic circuit by

resting at its extremities upon two eye beams connected by an

auxiliary rail at the bottom. The camera is shown pointing

at the galvanometer. The camera is raised to its upper posi-

tion in which the light reflected from the concave mirror of

the galvanometer is- focused upon the ground glass attached

to the bottom of the camera case. In the foreground is seen

the cable connecting the carriage to the control box.

With the apparatus set up as shown in Fig. 2, all that is

necessary in order to secure a record of the magnetic homo-

geneity of the rail is to operate the appropriate switch and

thirty seconds later to develop the photographic film.

THE ROD DEFECTOSCOPE

The essential elements of the rod defectoscope are the

same as those used in the examination of the rail. Because

of a smaller size of the material to be tested, it is more con-

venient to cause the rod to pass through a stationary solenoid

rather than to hold the rod stationary and move the solenoid

as we have done in the rail defectoscope. The galvanometer

recording equipment and control box is substantially the same

as that employed in the examination of steel rails. If a per-

manent record is not desired the photographic part of the

equipment may be replaced by a translucent scale or a telescope

and scale.

Fig. 4 shows the solenoid of the rod defectoscope with the

driving mechanism, mounted on a single base.

The magnetic examination of wire is carried out by means

of equipment quite similar to that for rods. In many cases

the apparatus may be placed so as to test the wire during its

I
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process of manufacture, thus utilizing the commercial method
of causing the wire to move from one stage of manufacture

to another.

MAGNETIC INSPECTION OK ELEVATOR CABLES

The magnetic examination of cables is quite similar to that

for wires. Fig. 1 shows a cable defectoscope attached to a

frame work with the cable under test passing through it.

Records are made photographically as in the case of rails.

A multiple cable defectoscope for the examination of the

several cables of an elevator is under development. The re-

cording part of this proposed apparatus will be placed where
it can be readily operated by the engineer in charge or by the

inspector. With this apparatus each cable of each elevator

can be examined every day and a photographic record of its

condition may be made. Ordinarily defects of service wear
and tear will appear gradually. When the elevator cable is

new the record will appear as a straight line. When a break

in a single wire develops the record will show a sharp notch

in the original straight line. As other wires break or strains

result from extra tension in the wires caused by the original

broken wire or wires, the irregularity in the record becomes
more conspicuous. Thus there will be an infallible indication

when the cable is deteriorating and needs careful visual in-

spection or possible removal. After the engineer in charge

becomes familiar with the irregularities of the record and the

corresponding defects in the cable he will readily be able to

estimate from a visual inspection of the photographic record

how near the cable is to a dangerous condition.

The following news item was clipped from the New York
Tribune of September 4th

:

'An inquiry into the cause of the elevator accident in the

Clarendon Building, Eighteenth Street and Fourth Avenue,

last Tuesday came to an end yesterday after Assistant District

Attorney Marro questioned three witnesses. The accident re-

sulted in the death of three persons and the injury of fourteen.

Those questioned were P. F. Foley and Charles Dreier, build-

ing inspectors of the Aetna Insurance Company.
"Foley and Dreier inspected the elevator on April 4th and

found it to be in good condition. Both inspectors examined
a piece of cahle taken from the wrecked elevator and reported

a defect on the inside of the cable which is not noticeable on
the outside."

Here is a case of a fatal elevator accident in spite of the

fact that careful inspections had been made. The final cause

of the accident was due to defects in the material which

FIG. 4. KOD TESTING SOLENOID AND DRIVING MECHANISM

would escape purely visual examination. Is it presumptuous
to hazard the opinion that this disastrous accident with its

resulting loss of precious human life would not have occurred

if this elevator system had been guarded by the magnetic
cable defectoscope which would have given ample warming to

the superintendent of the building that the cables were ap-

proaching a dangerous condition?

Fig. 5 shows how sensitive the instrument is to the slightest

variations in the homogeneity of a specimen. The upper pho-

tograph is the record of a commercially perfect bar of tool

steel. The straight line is characteristic of perfect material.

The lower photograph is the record of the same piece of

steel after it has been strained beyond the elastic limit at the
point indicated by the hump in the photographic record. The
bar had been subjected to repeated bends in opposite directions

until it became so weakened that although there was no visi-

ble defect in the specimen, it showed traces of rupture just

as the repetition of the same mechanical treatment was com-
pleted. In other words this is the record of a piece of steel

which has lived half of its useful life. If similar records of an
elevator cable were to be taken daily we should have a family
of records in which the hump grows gradually from nothing to

the sharp peak just before rupture. The evidences of de-
creasing strength in the steel would be just as unerring as
the growing evidences of weakness in man as old age ap-
proaches.

PIG. 5. RECORDS OF A PERFECT BAR (ABOVE) AND SAME
ROD AFTER BEING STRAINED BEYOND ELASTIC

LIMIT (BELOW)

EXAMINATION OF STRIP MATERIAL
The magnetic defectoscope lends itself quite readily to the

examination of strip material. Material of this shape is

widely used in the manufacture of band saws, hack saws, and
coil springs.

Mechanical inequalities in band steel which is used in the
manufacture of phonograph motors is largely responsible for
certain defects in phonographic performance. The magnetic
examination of such material would enable the manufac-
turer of spring motors to build motors of uniform performance
and to guarantee the performance of each individual motor.

TESTING OBJECTS OF CIRCULAR SYMMETRY
The test methods so far mentioned have been confined en-

tirely to the examination of rectilinear material. The same fun-
damental principles may be applied to the examination of ma-
terial which possesses circular symmetry. Work has been
done on large disk-shaped forgings by applying successively
to the various parts of the disk a given magnetomotive force
and noting by means of suitable detector coils any variations
in magnetic homogeneities which may occur. Investigations
along this line have been in progress for some time and the
results thus far obtained are sufficient to insure the commercial
success of this test method.

Objects of circular symmetry which are small in size do not
lend themselves readily to the method of examination just
described. Small circular objects are best examined mag-
netically by placing them in a rotating magnetic field and
measuring by the same suitable device the magnetic torque
exerted on the specimen by the rotating magnetic field. In
this case the quantity measured is not the permeability. It

is rather a combination of residual induction and coercive
force. Roughly it is proportional to the product of these two
quantities and substantially equivalent to the magnetic hyste-
resis of the material.

UNDEVELOPED FIELD OF MAGNETIC ANALYSIS

In addition to the work which has already been done on
rails, wires, rods, and cables and upon specimens having circu-

lar symmetry such as ball races, balls and milling cutters,
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there is great opportunity for additional development along

these lines. Tires, gear rings, roller bearings, disk blanks and
circular saws, are Important steel products whose magnetic ex-

amination gives great promise. Specimens such as drills,

reamers, taps and other small tools have received but little in-

vestigation and yet are of sufficient importance to warrant

our consideration. Small irregular shapes such as cutlery,

gravers' tools, small machine tools and chain links, need in-

vestigation. Large irregular shapes may present difficulty,

but in many cases there is sufficient promise of success to

justify investigation. At the present time there is no satis-

factory method for the examination of crank shafts, steel bot-

tles, band saws and a great variety of miscellaneous shapes.

Other problems for which the magnetic test may yield a satis-

factory solution are the degree of malleabilization, the depth,

case hardening, the degree of perfection of welded joints and
study of strains induced in the various elements by the re-

peated stresses of the service tests.

Locating Leaks in Water Mains*
Detecting a Leak by Sound, Colored Solutions, Water Hammer, and Hydraulic Gradient

SOME of the methods employed in locating leaks in under-

ground pipes were described at the recent meeting of

the Illinois section of the American Water Works
Association by Prof. H. E. Babbit, University of Illinois. A
leak discovered by a surface indication is likely to be at some
distance from that point and may be located by driving a

rod at intervals back from the wet spot.

Sound Detectors.—Leaks which give no surface indication

are the most common and the use of sound is the principal

method of detecting and locating them. Water escaping at

high velocity through a small aperture will make more noise

than when the aperture is large, while a free discharge will

be more noisy than a submerged discharge. One of the sim-

plest instruments used for locating leaks by sound is the

aquaphone, which consists of a metal rod soldered to the center

of a thin metal diaphragm as used in an ordinary telephone

receiver. The point of the rod protrudes from the end of the

receiver and is placed in contact with the pipe or fixture. If

the pipe is buried, a rod may be driven down to make contact

with it, the instrument being placed in contact with the rod.

Considerable experience is necessary for the successful use

of this instrument.

The detectaphone, the sonograph, the sonoscope, the geo L

phone, etc., are somewhat similar instruments, the volume of

sound in some of these being increased by an electrical ampli-

fier placed in the line between the point of contact and the

receiver. The receiver is similar to the ordinary telephone

instrument with electric coil and magnet. The sound waves
set up in the pipe are converted to electric waves in the ampli-

fier and transmitted to the receiver much more loudly and
clearly. All of these instruments require direct contact with

the pipe, which is an undesirable feature, as the exact loca-

tion of the leak may require excavations to be made, since the

sounding rod is not always satisfactory.

In the Darley leak locator, direct contact with the pipe is

not required. A delicate sound detector is set up on a small

four-legged brass table which rests on the surface of the

ground and is protected from air currents by placing the box
containing the electric cells over it when in use. The vibra-

tions set up in the detector are converted to electric waves
which are transmitted to a specially sensitive telephone re-

ceiver. This instrument is so sensitive that it will detect the

sound of a leak through the pavement and ground at the ordi-

nary depths to which water pipes are buried, but it cannot be
used in a high wind or where other noises may interfere.

Hydraulic Gradient.—The characteristics of the hydraulic

gradient are useful in the location of a leak, as shown in the

diagram, the profile being that of a long pipe line or an
isolated portion of a distribution system. It is suspected that

a leak exists somewhere between stations and 35. If the

pipe line is shut off completely except at and no leak exists,

the gradient will lie along the line A and the pressures

throughout the pipe line will indicate this height. If the pipe

is opened and no leak exists the hydraulic gradient will be

represented by line C, provided the diameter and other condi-

tions are constant. If a leak exists and the pipe is closed

From Engineering News-Reoord, May 27, 1920, pp. 1061-1066.

the pressure at station 35 will be less than that at 0; the

line of pressure will be horizontal up to the leak and will

slope uniformly upwards from there to station 0, as in line B.

These lines can be determined by locating two or more points

and plotting their position on the chart, the leak being lo-

cated at their intersection. This method was used with success

by Professor Babbit in locating a leak in a five-mile pipe

line at Nogent-en-Bassingny, France, during the war.

Water Hammer.—The phenomenon of water hammer may be

utilized. If a valve in a pipe line is closed quickly, a wave of

high pressure travels from the closed valve up to the pipe

to a point of relief and a wave of low pressure then returns

to the original starting point. The pressure at the valve fluc-

tuates above and below normal until the disturbance has be-

come stilled. Intermediate discharges between the valve and
the point of relief will cause fluctuations in the pressure at

the valve. The speed at which the wave travels is affected

by the diameter and material of the pipe and other factors
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TWO METHODS OF LOCATING LEAKS IN WATER MAINS

and varies between about 3,600 and 4,200 ft. per second. In

locating a leak, its approximate location should be determined

and the line of pipe isolated by the closing of valves so that it

is connected to only one large service main, preferably much
larger than the pipe in question. It may be necessary to shut

off service connections or to apply the method when the serv-

ices are not being used.

A quick-shutting valve is attached to a hydrant so located

that the leak is between it and the water main, the distance

from the hydrant to the connecting main along the pipe line

being accurately determined. A delicate recording pressure

gage is attached to another nozzle on the hydrant. In the

pulsograph, a dial is revolved by clockwork, time is recorded

by the vibrations of a tuning fork and variations in pressure

are recorded by a delicate pressure gage. After the instru-

ments are connected and the clock work is running, the valve

is opened and is then suddenly closed while water is flowing,

when the pressure line on the diagram will jump up and re-



December, 3920 SCIENTIFIC AMERICAN MONTHLY 345

main until a slightly relieving wave has returned from the

point of the leak when it will drop a little. The pressure will

then remain constant until the low pressure wave has returned

from the point of relief. The exact location of the leak is

then determined by proportion from the diagram.

Chemicals.—A method requiring the use of chemicals was
suggested by T. J. Hoxie in the Journal of the New England
Water Works Association, Vol. 27, p. 307. The leak is lo-

cated within a 'certain section of pipe which is isolated and
all service connections are closed. A corporation cock is tapped
into the main above the leak, to which is connected a 6- or 8-

inch length of 2- or 3-inch pipe and a valve. Two or three

pounds of caustic soda are inserted in the tube, the large

valve is closed and the time of opening the corporation cock is

recorded. Samples are collected at various points along the

pipe and tested for alkalinity. As soon as alkalinity is found
at any point it indicates that the leak is below that point

because the flow created by the leak has carried the chemical

down. Finally a point will be reached where the alkalinity

does not appear. The indication is that the leak is between
this point and the point at which it was last found. Water is

withdrawn from the point at which the alkalinity has not ap-

peared, the quantity drawn before alkalinity being carefully

measured. This quantity divided by the volume per unit

length of pipe will determine the distance to the leak.

Piston or Displacement.—An ingenious method based on volu-

metric displacement was used for the location of a leak in

a pipe line during the construction of the Field Museum in

Chicago. A piston was made which fitted the inside of the
pipe closely. A Y-branch was inserted in the pipe line, the pis-

ton was put in the pipe and a cable attached to it was passed
through a packed joint in the plug closing the Y-branch. The
water was then turned on to the pipe just sufficiently to keep
the piston moving. When it had reached the leak it stopped,
and the length of cable paid out measured the distance to the
leak.

Leaks in Submerged Pipe.—For locating a leak in a sub-
merged pipe a quantity of bluing was dumped into the line

and the appearance of color at the surface located the leak.

Wireless Pipe Locator.—If the location of the pipe line itself

is unknown it may be found by a wireless pipe locator. A
circuit is made by connecting two points on the pipe line by
an electric wire. A battery and vibrator are put in this

circuit, the vibrator serving to interrupt current rapidly. An
induction coil and a detecting coil connected to a telephone
receiver are carried in the hand. When the induction coil

held in a horizontal position is brought into the vibrating
electric fields set up by the electric circuit through the pipe
and wire a singing noise is heard in the telephone receiver.
The volume of sound increases until directly over the pipe,
when it ceases altogether. If the coil is then turned into a
vertical position the loudest sound is heard.

demonstrate the principles established by various investiga-

tors, most of whom have worked in the realm of pure science,

and the way in which the wireless telephone as we now know
it is based upon this work becomes quite apparent. Going
back a hundred years, the exhibit begins with Oersted's classi-

cal experiment performed in 1820 to prove that there is a
relation between electricity and magnetism, and that a wire
through which an electric current is flowing is surrounded
by a magnetic field. Then follows a reproduction of the ex-

periment by which Faraday and Henry separately and almost

simultaneously demonstrated a second relation between elec-

tricity and nagnetism, showing how an induction current may
be produced with an electro-magnet. The next in the series

is Faraday's experiment showing how the plane of polarized

light is rotated in a magnetic field, the various component
parts of white light being rotated by different amounts. The
oscillating character of the spark is the next point emphasized,

the revolving mirror being employed to draw out the image of

the spark so that the oscillations may be seen.

The detection of Hertzian waves using a copper loop, be-

tween the ends of which a vacuum bulb containing a fluores-

cent material encloses the spark gap, proves of real interest

to the layman and scientist alike and gives him a clearer im-

pression of the magnitude of the problem which has been

solved. From this point on, the exhibit deals with cathode

rays and the development of the vacuum tube, "audion," upon
which the successful operation of the wireless depends. The
next few experiments indicate how electrons flow from a hot

filament in a vacuum and how this phenomenon is employed
in the "audion" to produce a valve for the control of large

quantities of energy by the use of relatively small quantities

and also to obtain sustained oscillations. The valve action

of the "audion" is clearly demonstrated by an amplifier so -

arranged as to cause a lamp to light or a spark to pass be-

tween electrodes when one speaks into a transmitter.

The story ends with a set of wireless telephones, which are

used by those visiting the exhibit, and moving line drawings
which present diagrammatically the principles which the ap-

paratus demonstrates. The employment of motion pictures

of this type enables the uninitiated to get a remarkably clear

conception of what takes place and undoubtedly provides us

with one of the most valuable methods of teaching that could

be imagined.

The exhibit has attracted a great deal of attention thus far

and without question accomplishes its purpose, since it be-

comes evident to the most casual observer that the wireless

telephone, which must be looked upon as a facility added to our

present methods of communication for special uses, but in no
way displacing the older telephone, would have been im-

possible but for the work done in the realm of pure science.

THE WIRELESS TELEPHONE AND FUNDAMENTAL
RESEARCH

In its effort to further scientific and industrial research, the
National Research Council frequently meets those who are
willing to support research which gives promise of early finan-

cial return, but who are not very sympathetic to so-called

pure science, meaning research undertaken with a primary
object of establishing a truth. In order to emphasize the
necessity for supporting such fundamental work if we are to

establish scientific laws applicable to the solution of indus-
trial problems, an exhibit of the wireless telephone has been
arranged under the auspices of the Council by the American
Telephone and Telegraph Company, the Western Electric

Company, together with the co-operation of the United States
Signal Corps and air service. This exhibit has been in Wash-
ington for some weeks, is now installed in the American Mu-
seum of Natural History in New York and may later be shown
elsewhere.

There is a series of working models, ten in number, which

COMPARATIVE TRIALS OF STILL AND SULZER
ENGINES

Dtjbing the war Messrs. William Denny and Brothers fitted

an experimental twin screw 250 i.hp. "Still" engine in a

shallow draft vessel originally destined for experimental man-
ufacture and installation of Sulzer engines.

The vessel thus engined was exhaustively tried, and, on the

conclusion of the war, the Still engines were removed, a set of

Sulzer engines originally intended for it installed and similar

trials conducted.

The trials showed the maneuvering of both types of engine

to be quite satisfactory. From ahead to astern the time was
about 5 seconds, and in this respect the Still engine showed a

slight advantage. During the trials the Still engine worked
entirely under the waste heat conditions, i.e., no oil was
burned in the boiler. The principal aim of the trials was to

ascertain accurately the oil used in terms of the speed of the

vessel.—Abstracted by The Technical Review from a paper by
William Denny read before the Institution of Naval Architects,

July 7, 1920.



A ROCK DRILL OPERATED BY WAVE TRANSMISSION OF ENERGY FROM THE GENERATOR SHOWN AT THE RIGHT

Wave Transmission of Power
A New Hydraulic Power System Analogous to Alternating Current Electric Power

ONE of the important contributions to military aero-

nautics during the war was a means of synchronizing

the operation of a machine gun with the revolutions of

an airplane propeller so that it was possible to fire between the

blades of the propeller without danger of hitting them. Sev-

eral different types of synchronizers were developed and a

most successful one of these was a mechanism invented by Mr.

George Constantinesco, a Roumanian engineer, in which com-

plicated systems of levers and gearing were avoided by the

use of "wave transmission" through a liquid column in a water-

tight pipe of small bore. A description of this invention ap-

peared in the Scientific American of May 17, 1919, p. 512, and

a brief explanation of the "sonic wave" system of power trans-

mission was published in the Scientific American Monthly
of June, 1920, page 567.

The British manufacturers of the "C. C. Gun Gear," as the

synchronizing mechanism was called, realized that Constanti-

nesco's system provided a new form of transmission capable of

adaptation to a large variety of operations and proceeded to

develop it extensively. A brochure which has just been

issued shows machinery for generating sonic waves, flexible

tubing for transmitting them and rock drills, riveting hammers,

riveting machines, coal cutting machines, pile driver equip-

ment, etc., operated by the new hydraulic transmission. The
accompanying illustrations have been reproduced from this

brochure to which we are indebted also for the following brief

description of sonic wave transmission:

There are at present five methods in commercial use for the

transmission of power, namely, steam, direct mechanical,

electric, compressed air, and hydraulic.

Wave transmission or sonic transmission is the name used

alternatively to describe a sixth method in which are em-

ployed wave motions or pulsations set up in an enclosed column

of liquid.

The liquid (usually water) is contained in a pipe connecting

the apparatus generating the wave motions to the machinery

which applies them to useful work.

Although apparently similar to hydraulic transmission, the

underlying principle of wave transmission is totally and ab-

solutely distinct. In hydraulics a continuous flow of liquid

or motion of the liquid column as a whole invariably occurs

whereas in wave transmission there need be no direct or con-

tinuous flow, the particles of the liquid merely pulsating

backward and forward about a mean position.

Water is compressible. Because the degree of its compressi-

bility is very small compared to many materials in daily

use, the idea that water was incompressible came to be ac-

cepted even by engineers. For the first time in the history of

mechanics advantage is taken in wave transmission of the

elasticity of water (and also of oil and other fluids) to trans-

mit energy.

What occurs in wave transmission can be illustrated by

simple analogy. In the ordinary speaking tube, pulsations

set up in the contained air by the vibration of the speaker's

vocal cords travel in the form of sound waves to the far end,

where their energy is utilized in reproducing the vibrations

in the ear of the listener. The column of air in the tube

does not flow through the tube, but the particles are merely

subjected to small movements to and fro as the sound waves

pass along.

WAVE GENERATOR DEVELOPING 10 HORSE-POWER
AT 40 CYCLES PER SECOND
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Similarly in wave power transmission the pressure im-

pulses set up by the wave power generator travel through the

column of fluid contained in a metal pipe which connects the

wave power generator to the wave power motor. There is

no continuous flow, the fluid progressively moves forward and

backward about mean positions. The wave thus travels

through the column of liquid and gives up its energy to the

motor at the far end. The motor is a simple mechanism for

converting the waves of energy into any desired mechanical

action.
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LONGITUDINAL SECTION OF A WAVE POWER ROCK DRILL

Taking the simplest form of wave transmission imagine

two cylinders fitted with plungers, the cylinders on the under-

side of the plungers being connected together by a long pipe

completely filled with water.

If one of the plungers is moved rapidly up and down it

will set up at each downward stroke waves of compressed

water, which, traveling along the pipe at the speed of sound

(about 4,800 feet per second) will exert their energy on the

plunger at the far end, and if this be suitably loaded, a simple

reciprocating motion will be produced in exact synchronism

with the reciprocations of the first plunger.

Wave transmission equipments are inexpensive to manu-
facture, simple in construction, and practically "foolproof" in

operation. They consist of a wave generator, a wave motor

and a wave transmission line.

The wave generator consists of one or more metal cylinders

each fitted with a piston connected by a crankshaft to any

type of high speed prime mover such as an ordinary steam or

internal combustion engine or electric motor.

The wave motor consists of one or more metal • cylinders

each fitted with a piston, designed to receive the power wave
at the intake end. The other end of the piston is suitably

connected to the tool or other mechanism desired to be oper-

ated. The simplest application is found in such appliances as

rock drills and riveting hammers where the piston is used as a

floating hammer and strikes directly on the shank-end of the

drill steel or rivet snap.

DETAILS OF THE FLEXIBLE STEEL PIPING

The wave transmission pipe line consists of ordinary rigid or

suitable flexible piping used to contain the liquid which ex-

tends from the wave generator to the motor, and is referred

to as "the liquid column." Various kinds of fluid may be

used, from water to heavy oil. The highest transmission effi-

ciency is however obtained through water.

In many ways electricity offers an excellent analogy to

explain both wave transmission and hydraulics. Ordinary

hydraulics being represented toy the continuous current and

wave transmission by the alternating current systems.

From the scientific and practical point of view one of the

most interesting facts about wave transmission is this simi-

larity in many features to alternating current electrical trans-

mission. The points of resemblance are not mere coinci-

dences. They go to prove the important fact that this purely

physical method of transmitting energy is closely allied and is

for all practical purposes a sister method to the alternating

current electrical system. Anyone with a knowledge of

electricity will find it easy to understand wave transmission.

The laws and formula? of wave and of electrical transmission

coincide to the extent that they are nearly interchangeable.

Most of the phenomena of electricity have their parallel in

wave transmission. For instance there are direct equivalents

for volts, amperes, frequency, angle of phase, induction, induc-

tance, capacity, resistance, condensers, transformers, single-

phase or poly-phase systems. In both systems there are used

generators, rotary and reciprodating motors, and heating

apparatus, transmission lines, etc.

In one of the accompanying illustrations is shown a sectional

view of a wave generator developing 10 horse-power at 40

SECTION THROUGH THE MECHANISM THAT REVOLVES
THE DRILL STEEL

cycles (2,400 per minute). The same generator is shown com-

plete in the general view operating a wave power rock drill

through a line of flexible piping.

Two spherical hollow steel castings shown in the sectional

view are termed "the capacity." The disposition of these

vessels on either side of the crankcase balances the forces

on the crankshaft. This ensures freedom from vibration and
quiet running at high speeds. The vessels are connected by a
pipe at the top, the function of which is to equalize the pres-

sure in each and enable the whole energy of the generator to

be taken from either vessel. At the highest point of the bal-

ance pipe is a small needle valve for releasing any air that

may get into the system. This is only required for a few sec-

onds when starting up.

The bed plate of the machine is a substantial iron casting,

containing the oil and water tanks. Each tank is filled through

detachable fine gauze strainers and has a float and level indi-

cator rod.

The rock drills operated by wave power have an incorpo-

rated water feed for washing the debris out of the hole, etc.,

the water being taken from the pipe line which transmits the

power wave. Furthermore, there may be an accidental leak-

age in the pipe line. As one or more pipe lines are directly

connected to the capacity, the volume of water in the latter

would thereby be diminished. Therefore, an automatic varia-
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ble delivery pump is provided for charging the system and
replenishing the water in the capacity and pipe line.

Screwed into the left-hand spherical vessel is an inlet charg-

ing valve actuated by pressure difference. When tne minimum
pressure in the capacity is greater than the pressure of the

pump this is closed; but the instant that the pressure in the

capacity falls (due to loss of water) lower than the pump
pressure, it opens. Thus, the inlet charging valve is auto-

matically operated and controls both the rate and time of

delivery of the water into the system.

The wave-power rock drill is similar in general proportions

to a standard compressed air drill and may be fitted into a

standard cradle. The drill steels are also interchangeable

with standard air drills. Details of the mechanism are shown
in the sectional view.

The operation of the drill is as follows : The waves of

energy are admitted to the hammer element through the con-
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CARRYING 68 FEET OF %-INCH FLEXIBLE STEEL PIPING,
TESTED TO 15,000 LBS. PER SQUARE INCH

trol cock which is situated in the inlet piece. These waves

of energy act on the end of the hammer, throwing it forward

until the front end strikes the rivet snap. Surrounding the

hammer is a chamber or space which is called a capacity.

This capacity is completely filled with water and fulfils the

function of a fluid spring. Owing to the difference in diam-

eter between the striking end of the hammer and the piston

end, a displacement takes place on the forward stroke of the

hammer which compresses the water in the capacity, so that

when the pressure in the line drops below mean pressure, the

force acting on the annulus is greater than the force on the

end of the hammer, therefore the hammer returns to its

backward position ready to receive the next pressure wave.

The capacity in conjunction with the hammer is designed to

give the hammer a natural period of vibration equal to that

of the generator, i.e., 40 complete vibrations per second, or

2,400 blows per minute.

A wave power motor is furnished for rotating the drill steel.

This motor, which is of the displacement type, is incorporated

in the drill body. The fluid reaches it from the main inlet,

through a direct passage in the side of the drill. On the de-

pression side of the wave, the pressure in the capacity is in

excess of the line pressure, with the result that the piston

moves back, causing the ratchet ring to engage with the

pawls in the chuck, thus rotating the chuck and the drill

steel.

The flexible steel pipe is of simple construction. The indi-

vidual sections of any desired length are made from solid

drawn steel tube with new type of spherical joint at the
ends. The pipe as a whole can be coiled, bent or twisted in

every conceivable position. The joint consists of a piece
of steel formed with a spherical recess at each end into
which fits a length of solid drawn tube, upon which is

mounted the ball piece which accurately fits the spherical
recess.

The ball piece is flatted on one end to receive the special
packing ring which is made from materials suitable for any
special purpose to which the pipe will be subjected.
A spherical seated nut is screwed into the double socket

shoulders against the spherical surface of the ball piece and se-

curely holds the pipe together. By simply unscrewing this nut
the pipe can be taken apart, shortened or lengthened in a
few minutes.

RECENT DEVELOPMENTS IN ELECTRO-PERCUSSIVE
WELDING

Following the original experiments of Mr. L. W. Chubb
machines were built for welding wires by the electro-percus-

sive process. Since these machines utilize the discharge of an
electrolytic condenser as the fusing source its field of applica-

tion is limited, as far as the size of the work is concerned:
condensers of sufficient capacity to provide energy for welding
large sections would be prohibitive in size. On the other
hand, this method of welding gives perfect welds between like

and unlike metals, even those of widely different physical
characteristics.

Within the last year equipment has been developed which
successfully welds stock up to %-inch diameter, and large

sizes will apparently offer no difficulty. In the new equip-

ment stored electromagnetic energy replaces electrostatic en-

ergy. Establishment of a strong direct-current field in a re-

actance coil with a primary and secondary winding is fol-

lowed by rupture of the primary current with the secondary
circuit closed. Transfer of energy of the collapsing field to

the secondary results and a subsequent separation of electrodes

in this circuit establishes an intense arc. When the surfaces

of the electrodes—the pieces to be welded—are sufficiently

melted a hammer forges the parts together. The total time

of the above operations is of the order of 1/10 second. Oscillo-

graph records show that, for a weld of %-in. diam., the

maximum current is 2,600 amperes, arc voltage 30 volts, maxi-
mum watts 60,000, average watts 29,600, total time 0.094 sec-

onds, energy 2,780 watt-seconds or .00077 kw.-hr.

Some of the advantages of electro-percussive welding are:

(a) Saving of power of which about 1/16 is used of the amount
required in butt-welding, (b) Saving of time. The operation

is so rapid that the time of weld is practically negligible.

Speed of production will, therefore, depend chiefly on time

of handling the material and large output can be obtained by
design of semi-automatic apparatus, (c) Welds of unequal

sections. Necessary energy is concentrated in a very small

amount of material and not dissipated in heating the whole

stock. Consequently welds of unequal section are possible

without preparation of surfaces or preheating of large piece,

(d) Welds of unlike metals with widely different physical

characteristics are made possible, (e) Welds without change

of condition. Tempering or other treatments are not de-

stroyed because heat is localized and rapid, (f) Welds uni-

form. After proper settings unskilled labor can produce uni-

formly perfect welds, (g) Finishing is unnecessary in some
products and inexpensive in all because of small fin or flash.

Extension of the original process has met with gratifying

success and when details of design are perfected a wide field

of application for electro-percussive welding is expected.

—

Douglas F. Miner, Journal of the American Institute of Elec-

trical Engineers, June, 1920, pp. 533-35.



The Path of a Shell

Determination of Meteorological Corrections on the Ranges of Guns

By Waldemar Noll

THE accuracy of modern artillery fire does not depend

upon the marksmanship of the gunner as that term is

understood in the firing of small arms. A man with

steady nerves and a keen eye may be able to bring down a deer

at 2,000 yards with a small rifle. Those physical qualifications,

alone, however, are of small value if he is trying to' hit a

fort or an ammunition dump in the next county with a big

gun. Under these conditions he is unable to see the target and

so he is given the location on the map, literally the address,

of the target and then by use of his range table he computes

how he must point his gun in order to make a hit.

If there were no air it would be comparatively easy to deter-

mine the proper setting of the gun by the use of simple

formulas. However the presence of air greatly complicates

the problem. In the first place, the air offers a resistance to

the projectile which diminishes the velocity and consequently

decreases the range. In the second place, because of the rapid

rotation of the shell caused by the rifling of the gun the air

causes a drift to either the right or left of the original line

of fire, depending on the direction in which the shell is rotat-

ing. It is a similar rotation that causes a baseball to curve.

Even with the presence of air the problem would be much
simpler if there were no variations in the atmospheric condi-

tions. However the atmosphere changes daily, hourly, in tem-

perature, barometric pressure, cloudiness, rain, humidity and

wind. All of these changes, which actually constitute our

weather changes from day to day, have a greater or smaller

effect upon the range of the projectile and the artillerist must

know how to correct for them if he expects- to hit his target.

A wind along the line of fire will decrease or increase the

range depending on whether it is opposing or following while a

a wind across the line of fire will affect the drift. A change

in the temperature, pressure, or humidity of the air brings

a change in the air density or weight of the air which in

turn affects the retardation and consequently the range of

the projectile. Temperature variations also change the elas-

ticity of the air and thereby have further influence on the

range.

Any independent calculations of the meteorological correc-

tions immediately before the firing would be very impracticable,

principally hecause it would take too much time. So the

artillerist is supplied with range tables which give the range

and deflection for any setting of his gun when normal atmos-

pheric conditions exist. This range is called the normal range.

In these tables are incorporated corrections for meteorological

conditions when these are not normal. When the existing

meteorological conditions are supplied to the artillerist in suita-

ble form he determines the corrections to his normal range

very easily by reference to his range tables. The meteoro-

logical data is supplied in terms known as "Ballistic Meteoro-

logical conditions," namely, "Ballistic Wind," "Ballistic Den-

sity," and "Ballistic Elasticity." The determination of these

factors will now be taken up.

Previous to the World War, the principal corrections for

meteorological variations were determined from surface condi-

tions only. But unfortunately, surface conditions seldom

represent air conditions prevailing between the surface and

the maximum altitude reached by the projectile in its flight.

Winds aloft usually have different directions and different

velocities from those on the surface, while the temperature

decreases with altitude are often very irregular. Because a

shell spends most of its time of flight in the upper regions

it becomes necessary to take into account the meteorological

factors aloft in order to determine the corrections properly.

The wind aloft is obtained by releasing rubber pilot balloons

inflated with hydrogen gas, and observing them with specially

constructed transits, known as aircraft theodolites, located at

two points several miles apart. At equal intervals of a

minute the horizontal or azimuth angles and the vertical or

elevation angles are read on the balloon by observers stationed

at both instruments. An azimuth angle is the angle between
some established direction, such as true north and the horizon-

tal projection of the balloon. The elevation angle is the angle

between the surface of the earth and the line joining the

instrument and the balloon. The horizontal distance and the

altitude for the successive minutes are determined by triangu-

lation and a flight map is made. This map shows the hori-

zontal projection of the path of the balloon and the height

at the end of each minute. By measuring on the flight map
the distance the balloon travels in a minute the wind velocity

is obtained for the corresponding altitude and by noting the

direction the balloon is going the corresponding wind direc-

tion is obtained.

E 13-2*70

MAP OF A BALLOON FLIGHT SHOWING CROSS WINDS

The accompanying sketch is a map of a balloon flight made at

Aberdeen, Maryland, on January 26th, 1920, and shows the

horizontal projection and altitude of the balloon at the end

of each minute. The wind direction on the surface was north-

east and then it gradually swung around to southwest. This

flight illustrates that in correcting range erroneous results

would be obtained if surface winds were used in determining

the corrections. Temperature aloft is obtained by means of

kites, kite balloons or airplanes. In the first two cases self-

recording instruments known as meteorographs record the

temperature at the various altitudes during the ascent and
descent. When an airplane is employed a meteorological ob-

server accompanies the pilot and at regular intervals of alti-

tude reads the temperature from a thermometer which is

fastened to a strut of the plane. Pressure aloft is readily

determined from surface pressure by use of formulas; while

humidity aloft, which is relatively unimportant, is estimated

from surface humidity. Knowing temperature, pressure and
humidity aloft, the air density is computed from the standard

gas laws of Charles and Boyle.

However, because of the complexity of the trajectory or

path of a shell, the meteorological conditions at various alti-

tudes within the maximum ordinate have effects which are

not at all proportional. The maximum ordinate of a trajectory

is the maximum altitude reached by a shell in its flight. Sup-
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pose a shell ascends to a height of 1,000 meters. It is en-

tirely possible that the wind between 500 meters and 1,000

meters will have twice the effect of a wind with the same
direction and velocity between the surface and 500 meters.

Thus we see for the above case it would be necessary to give

the winds in the upper half twice the consideration given to

the winds in the lower half. Likewise some similar dispro-

portional effect holds true for density and temperature. A
definite and complete explanation as to why meteorological

variations should be specially considered at the various alti-

tudes would take us too far into study of ballistics. However,

a few of the more important reasons may be stated. In the

first place a shell spends more time in a given zone of altitude

near the summit of the trajectory because of its lower vertical

velocity than it spends in an equal zone nearer the surface

of the earth, and thus the meteorological factors aloft have

more time to affect the shell. Secondly, because of the retarda-

tion of the air and the pull of gravity a shell has a continually

decreasing velocity as it proceeds and a change in wind, density

or temperature at a low velocity has a different effect from

that of an equal change at a higher velocity. A combination

of these two principles brings about an almost infinite number
of ways in which meteorological data at various altitudes

may be considered.

The proper considerations that the meteorological factors at

the various altitudes should be given are obtained from curves

known as weighting factor curves. These curves are com-

puted for the various guns by means of a series of differential

corrections that cannot be discussed here. These curves are

different when correcting for the various meteorological fac-

tors. For instance, the density and wind weighting factor

curves are not identical. Likewise the curves vary for the

different types of firing even when correcting for the same
meteorological variation. For instance, the wind weighting

factor curves for the 75 m/m gun and the 16-inch Naval Rail-

road Mount are not at all similar. There are distinct curves

for the same gun depending on whether or not it is fired at a

high or low angle of elevation or whether it is fired at a

high or low muzzle velocity.

The methods followed in the determination of "Ballistic

Winds," "Ballistic Density" and "Ballistic Elasticity" will

now be taken up. These factors are determined by the Meteoro-

logical Service and are transmitted to the artillerist.

The range wind is the component of the wind parallel to

the line of fire and the cross wind is the component perpendicu-

lar to the line of fire. As there are separate weighting factor

curves for range and cross wind it is necessary to compute both

range and cross ballistic winds. The velocities and azimuths

of the wind aloft at equal zones of altitude are obtained by

observing the flight of pilot balloons. For the particular

gun to be fired and for the definite range to be obtained each

altitude zone has a weighting factor for both range and

cross wind. The range wind weighting factor for each zone

is multiplied by the wind velocity for the corresponding zone

and a column of values established. On a plotting board a

line of fire is laid out. Beginning on any point on this line of

fire a line whose length is equal to the product of weighting

factor and wind velocity for the first zone, is drawn parallel

to the wind direction for the first zone. From the end of this

line a second line is drawn parallel to the wind direction for

the second zone with a length equal to the product of the

weighting factor and the wind velocity for the second zone.

This process is repeated until the values for all the zones

are plotted. From the final point determined a perpendicular

is dropped to the line of fire, thereby completing a polygon.

The distance from the initial point on the line of fire to the

foot of the perpendicular equals the range ballistic wind. For

the cross ballistic wind a similar procedure is followed ex-

cept that cross wind weighting factors are used and that the

actual length of the perpendicular equals the cross ballistic

wind. The values of the ballistic wind are given in meters

per second. The sketch gives a graphic illustration of ballistic

wind computations. In the range table for the particular gun
to be fired there is found the effect of a one meter per second

wind on the range. For instance, for a range of 11,000 meters
for the 75 m/m gun a one meter per second range wind will

increase the range 42 meters. Had the ballistic wind been
10 meters per second, and following, the artillerist would
have overshot his target 420 meters, about a quarter of a

mile, had he not made a correction for wind. Likewise a ten

meter per second ballistic cross wind to the right would
cause the shell to fall 240 meters, about a seventh of a mile

to the right of the target. Thus it can be seen that wind has
a considerable effect on range and the artillerist allows for

this effect by changing the setting of his gun. The whole
procedure, while far more complicated, is similar to the allow-

ance a fielder makes for wind when throwing a ball in to the

catcher.

As in the case for wind, the air densities at various altitudes

within the maximum ordinate have effects that are not propor-

tional, and for that reason density weighting factors must be

used in order to weight or consider the density at various

altitudes properly. After the air density aloft is determined

the values for the various altitudes are weighted by use of

the proper density weighting factor curves and a value for

"Ballistic Density" is found. This value is then compared
with the normal density and a correction for range is made,
if there is a variation from the normal density. When the

range for the 75 m/m gun is 11,000 meters, a ten per cent

increase in density would decrease the range 535 meters or

about a third of a mile. A variation in density due to a

change in temperature from a winter value of 0°F. to a summer
value of 90°F. would increase the range for the above 75 m/m
1,070 meters or about two-thirds of a mile.

Under the consideration of air density we saw that the tem-

perature has an influence on the range in that it changes

the air density and consequently the retardation of the shell.

However, temperature has an effect entirely independent of the

air density effect in that it changes the elasticity of the air.

A change in the elasticity of the air causes a change in the

velocity of sound which in turn affects the range, as will be

seen. The retardation of a shell is comparatively regular

until its velocity approaches that of the velocity of sound.

Then the retardation is greatly increased due to the fact that

a part of the energy of the moving shell is dissipated as sound

and thus the range is decreased. The muzzle velocity of a

shell may be well above that of the velocity of sound but as

the shell rises and progresses the velocity gradually de-

creases until it is equal to that of the velocity of sound. Now a

change in the elasticity of the air may increase the velocity

of sound so that the velocity of the shell may be nearer to

the velocity of sound than what it would be under normal
conditions. Secondly, in some other type of firing a change

in the elasticity of the air may decrease the velocity of sound

so that the velocity of the projectile will not be as close to

the velocity of sound as it wrould under normal conditions.

Thus the range would be increased. Therefore it is seen that

the elasticity of the air throughout the maximum ordinate

must be known in order to correct the range. The elasticities

at various altitudes are weighted by appropriate weighting

factor curves and a term known as "Ballistic Elasticity" is

obtained and is used when correcting for range.

When the muzzle velocities are so high that the velocity of

sound is never approached or when the muzzle velocities are

below the velocity of sound no appreciable elasticity correc-

tions need be made. When the range for the 75 m/m gun is

11,000 meters a change in "Ballistic Elasticity" caused by a

change in temperature from a winter value of 0°F. to a sum-

mer value of 90°F. will increase the range 490 meters, about

three-tenths of a mile.

This discussion is an attempt to explain the elementary

principles of science involved in the problem and gives the

steps followed on ordnance proving grounds when establishing

range tables.



TAKING OFF GLASS AT THE END OF A SHEET DRAWING MACHINE

Modern Glass-Making*

Putting the Glass Industry on a Scientific Basis

By E. Ward TiUotson

Assistant Director of Mellon Institute of Industrial Research

GLASS and glassmaking ever have had a peculiar appeal

•to the imagination of all peoples. Glass, possessing

many of the attributes of precious jewels and in addi-

tion possessing the susceptibility of constructive formation, is

particularly adapted not only for articles of use but also for

pieces of art in which the form, decoration and coloring reflect

the artistic sense of the glassworker. Glassmaking as an art

practiced in secret for centuries has been surrounded with

the glamour of mystery and the masters of the art have en-

joyed the patronage of royalty and the perquisites of the no-

bility.

DEVELOPMENTS DUE TO ENGINEERING

During the last two centuries, however, conditions incident to

the advancement of civilization have swept away many of the

mysterious formulas. The establishment of the glass industry

in this country marked the beginning of scientific advancement

in the technology of glassmaking: the economic situation pre-

vailing in a civilization such as ours makes impossible the

maintenance of a great industry in a state of technical secrecy.

It is not to be inferred that the industry is free from ignorance

and prejudice or that glass manufacturers do not jealously

guard certain secret processes, but it is only just to say that

in no other country are glass factories more open to inspection

for casual visitors and for business competitors. The glass

manufacturer in general realizes that an exchange of ideas is

of greater value to both parties than any doubtfully guarded

secret could be to either one.

The first advances in glassmaking in the United States and

Reprinted from Chemical and Metallurgical Engineering, Vol.

No. 10, Sept. 8, 1920.
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the most widely known American contributions to the industry

consist in the applications of mechanical appliances and the

making automatic of many glass-making processes. For ex-

ample, the pressing of glass, an American invention of one

hundred years ago, has passed successively through hand-fed,

hand-operated presses, hand-fed power-operated presses, and

now certain pressed glass articles are manufactured by auto-

matic machinery which carries out the operations of "gather-

ing" the molten glass, pressing the article, transferring it to

and conveying it through the "leer."

IMPROVEMENT IN BOTTLE MAKING

A similar development has taken place in the manufacture

of bottles, bulbs for incandescent lights and other articles in-

volving pressing or blowing or even a combination of the two

operations. In the window-glass industry the process, though

of more recent date, has been equally brilliant and of far-

reaching importance. Machines not entirely automatic, to be

sure, draw huge cylinders from a pool of molten glass, and

not only is the product of a far better quality than that

produced by the old "hand-blowing" process, but the great

economic saving marks the introduction of machine-drawn

window glass as a revolutionary achievement. Of the very re-

cent developments in machine-made window glass mention

should be made of a process in which "endless" flat sheets

of glass are drawn and passed continuously through the leer.

It is considered that this machine is an assured success.

Obviously it possesses certain advantages over the cylinder

machines, not only by reason of its continuous operation but

also because the expensive operation of "flattening" is

eliminated.

351
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LITTLE PROGRESS IN PLATE-GLASS INDUSTRY

The plate-glass industry has not experienced any spectacular

developments of the nature of the inventions just mentioned

;

the operations as carried out at present are fundamentally the

same as those of Thevart in 1688, with, of course, modern

furnaces and leers and mechanical appliances for handling

the glass in the several operations. This particular industry

has been slow to develop in this country, but in recent years

the requirements for windshields and other plate-glass fittings

for automobiles have greatly stimulated the production of

plate glass.

Mention should be made of "wire glass," which is manu-

factured by processes analogous to those employed in plate-

glass manufacture. It is an American invention and represents

perhaps the greatest advance in the application of plate glass

for special purposes.

FIFTEEN-ARM AUTOMATIC CAPABLE OF PRODUCING 350
GROSS OF PINT BOTTLES PER 24 HOURS

In the other glass industries American manufacturers have

had the advantage of large resources of raw materials of a

high degree of purity and of cheap clean fuel (natural gas)
;

and while these factors have contributed to maintain the

quality of American glassware on a par with that of other

countries, revolutionary developments in certain lines have

not been made.

ROLE OF THE CHEMIST AND PHYSICIST

It is, therefore, evident that American contributions to the

advance of the glass industries have been largely from the

engineering standpoint. It is not to be supposed, however,

that the chemist and the physicist have entirely neglected these

great industries. In fact, the part of these scientists has been

of greater importance than is commonly supposed or acknowl-

edged. Little has been written of the chemist's accomplish-

ments, except, perhaps, in connection with the development of

optical glass during the past few years.1 Chemical contribu-

tions have been isolated, sporadic and, unfortunately, dimmed
in the shadow of a general policy of secrecy which has re-

sulted partly from tradition and partly from fear of legal

complications. Such conditions do not make for real scientific

*For a concise review of the contributions of the chemist to the

optical glass industry see A. A. Houghton, J. Ind. Eng. Chem., Vol.

7, p. 290 (1915). In speaking of developments In this country-

Mr. Houghton says : "America's contributions to the development
of the glass industry, chiefly in methods of -working and handling

the molten glass, are epoch-making in character ; along more strictly

chemical lines creditable work has been done, as instanced by the

Tiffany or Aurene glass, the selenium red, and others. Aside from
optical glass, on which a beginning is being made, the glasses pro-

duced in this country probably are fully equal in quality and variety

to those produced abroad ; and in some respects America is forging

ahead." For a recent report on the status of the optical glass indus-

try, see R. J. Montgomery's "Twenty-three Types of Optical Glass,"

J. Am. Ceram. Soc, Vol. 3, pp. 404-10 (1920).

progress in this or any other industry, but it is believed

that the present is a period of transition and it is certain that

great opportunities exist for the chemist and that his work in

the future in conjunction with that of the physicist and engi-

neer will transform the whole aspect of glass technology.

The problems which are to be solved include the basic princi-

ples of all the operations involved and of the materials em-

ployed. The problems in connection with refractories, fur-

naces, fuel and raw materials are shared in common with all

branches of the glass industry.

THE ROLE OF THE REFRACTORIES

The pots in which glass is melted and the walls of the tank

melting furnace are made from certain refractory fireclays.

The curious situation is therefore presented of melting one

type of silicate in a container composed of another type of

silicate which is slowly but surely dssolved by the molten

material. Unfortunately, none of the common metals pos-

sesses properties satisfying the requirements for these con-

tainers, and such substances as are known to be insoluble

in molten glass have not yet been bonded successfully with

an equally refractory and insoluble cement. The proposal has

been made that the tank be constructed as a water-jacketed

iron box. Walls of chilled glass would thereby be formed

of the same composition as that of the glass to be melted.

This would appear to be an almost ideal solution of the re-

fractory problem, but in trial certain faults have been dis-

closed. Between the walls of cool and comparatively rigid

glass and the channel of flowing molten "metal" there exists

a zone in which the conditions are favorable for devitrifica-

tion. Crystallization of some of the components of the glass

occurs and these crystals are gradually carried to the working

end of the tank and appear as defects in the finished product.

When the chemist has succeeded in preventing devitrification

in glasses of the type melted in tanks, this water-cooled tank

will perhaps have a large field of usefulness.

THE POT AN IMPORTANT FACTOR

The use of green or partly burned pots and blocks is not

to be considered as entirely satisfactory. Even if the pot is

burned carefully in the pot arch, it is subjected to a higher

temperature in the furnace. As a result, the back wall and

crown are more thoroughly vitrified and subjected to con-

siderable shrinkage, while the bottom and front walls are pro-

tected from the heat and remain more porous and do not

shrink. This condition results in the introduction of large

strains in the pot walls and contributes to a lessened life by

reason of breakage and for other causes.

Certainly the several operations involved in the manufacture

of the pot or the block are of an equal importance with the

kind of clay employed and a thorough understanding of these

operations would be of inestimable value to the glass industry.

The historic glass furnace is illustrated by the open pot

and covered pot furnaces in common use. These furnaces

are admittedly inefficient and cannot be considered as satis-

factory from any standpoint. With covered pots, especially,

the heat necessary for melting the glass is generated within

the furnace and must traverse the walls of the pot before

it can perform its work. Even with efficient regeneration

—

and few of the installations can be so classified—the waste

of heat is sufficient to justify the most serious consideration.

Because of this the use of pots except for melting certain

kinds of glass2 may be expected to decline.

The introduction of the tank furnace has made possible

the quantity production of glass which has justified and

prompted the development of automatic machines. This type

2For example, most of the colored glasses and other special glasses

are used in too small a quantity to justify the use of a tank in their

production. The more intensely colored glasses, in addition, are so

impermeable to radiant heat that they may be melted only in pots

;

and pots are thought necessary for chemical reasons in the making
of ruby glasses.
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of furnace represents something of an advance over the pot

furnace from the standpoint of heat efficiency, hut still leaves

much to be desired. The tank was used first for window and

bottle glass, but has been adapted to melting "lime flint" or

"crystal" glass, and the indications are promising that even

"lead" glass may be produced in it commercially; it will un-

doubtedly be employed for any glass whenever the volume

of production justifies.

The melting of glass by electrical energy has been the sub-

ject of much experimentation, and it is understood that elab-

orate trials of this principle now are being conducted. Molten

glass is a fair conductor of electricity ; and if the electric

current can be passed through the molten glass and the heat

be thereby developed within the charge, it appears that the

optimum conditions of efficiency will be realized.

EAW MATERIALS

The great developments of the glass industry during the

past forty years have been associated with the supplies of

natural gas. This fuel, which was ideal for the use of the

glass manufacturer, is failing rapidly and even now is to be

considered as a pleasant memory. The question of fuels is

largely an economic one. Glass factories always have been

located near the supplies of cheap fuel, but with the improve-

ments in the manufacture of producer gas this consideration

will perhaps be of less importance in the future. The neces-

sity in melting and annealing glass of an ashless fuel and one

as free as possible from sulphur and other impurities proba-

bly excludes all solid fuels except as they are gasified in the

producer; and while in a measure successful, the use of fuel

oil does not appear to become general by reason of its growing

cost and of its lessened availability. Improvements in the de-

sign of furnaces and of regenerating systems which will

admit of a more efficient application of the fuel and of a

better control of combustion will be of material aid in con-

serving our fuel resources and in making for economy in the

industry.

The American glass manufacturer is favored with large sup-

plies of raw materials possessing a high degree of purity.

The sand, lime and soda which are available are not surpassed

in any country. Good as the sand is, however, it contains small

amounts of extraneous minerals, containing iron, titanium

and other color-producing oxides, the economic and complete

removal of which would materially lessen the "color" problem
in the manufacture of the finer grades of glass.

The importance of the chemical control laboratory should

be pointed out in this connection. Automatic machines de-

mand "metal" of constant viscosity, heat conductivity, "hard-

ness"3 and other physical properties. It is therefore im-

portant that the composition of the glass be maintained as

constant as possible from day to day. When it is considered

that not only does the composition of the raw materials vary
in different shipments but that some of the materials—for

example the "lime" (CaO with more or less MgO)—change
in composition during storage by reason of absorbing mois-

ture or carbon dioxide, it is evident that the scientific pro-

duction of even more ordinary kinds of glass necessitates

constant and adequate chemical control.

The substitution of limestone for burned lime, the addition

of feldspar or other aluminiferous minerals to the batch and
the use of other glassmakng materials are problems not only

of economic importance but are also essential in scientifically

adapting the properties of the glass to its intended use. A
new source of potash would be of benefit to certain branches
of the glass industry.

PROBLEMS IN SPECIAL BRANCHES OF THE INDUSTRY

Each branch of the glass industry has its own individual

problems. In the present state of the window-glass industry,

for example, there are many problems in connection with elim-

3Since no glass has a definite melting point, the word "hardness"
has been used to denote the temperature at which it possesses a
prescribed viscosity.

inating the relatively minor difficulties consequent on the

creation of a new and great manufacturing procedure.

Similarly in the machine production of bottles and "pack-

ers" the majority of the problems of immediate importance

are related to the perfecting of the several processes which
are competing for supremacy. The situation is one of mo-
bility and of rapid progress, and it appears that the man
of scientific training may have an important part in the de-

velopments of the future which will determine whether each of

the automatic and semi-automatic machines will have a par-

ticular use of its own or one of them will prove to

be so superior as to be of universal application.

The plate-glass industry is waiting for fundamental develop-

ments. At present the glass is melted in open pots and from
these is poured on to the casting table, on which it is rolled.

A means for conveying glass melted in a tank furnace to the

casting table without the introduction of bubbles or other de-

fects would almost revolutionize the industry. The mechanical

appliances for handling the huge plates of glass have been
highly developed and important innovations in the annealing

process have been made, but the procedure employed in grind-

ing and polishing, in spite of recent improvements, is im-

pressive in its awkwardness, complexity and lack of economy.
A fundamental solution of this technologic problem may per-

haps be the deciding factor in the future of the polished plate-

glass industry.

In all these industries, as well as those represented by a

smaller volume of production, there is need for a wealth
of scientific data of a chemical and physicochemical nature.

FILLING END OF A LIBBEY-OWENS GLASS FURNACE

The chemical reactions taking place during melting require

scientific investigation ; the principles of annealing glass have
not been wholly worked out, and the building of leers to apply
these principles is necessary for scientific annealing. A bet-

ter understanding of the physical properties of glass at all

temperatures and of the relation of the chemical composition

to the physical properties is of real importance, not only in its

fabrication in automatic machines but also in the development
of new glasses or of glass for specific applications.

The adsorption of glass on glass surfaces and the behavior
of glass to the solvent action of water and solutions are also

of importance. A cheap glass of lesser solubility would find

many uses and a glass of great mechanical strength would
be desirable for containers which are to be used repeatedly.

To mention all the problems of the glass industry would be
to discuss every detail in the manufacture and uses of glass.

It should be mentioned, however, that a pink, red or ruby glass
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SOME NOTABLE DEVELOPMENTS IN THE GLASS INDUSTRY

Innovation Date
First glass factory in America 1608
Pressed glass 1 827
First plate-glass factory in America 1857
Lime-flint glass 1 864
First regenerative pot furnace. 1 865
First continuous tank in America 1 879
First use of natural gas in melting glass. . . 1882

By Whom Introduced

A carpenter, name unknown

William Leighton, Sr.
James B. Lyon
Poughkeepsie Glass Works
Bradford Window Glass Co.

Prepressed blank 1882 Philip Arbogast

Continuous leer for window glass 1 882
Continuous tank for window glass 1884
Wire glass 1 892
Favrille glass. 1 892
Selenium ruby glass 1 894
Flint glass melted in tank 1898
Continuous leer for plate glass 1 898
Fire polishirtg* cut glass blanks 1899
Automatic bottle machine 1 899
Machine drawn window glass 1900
Machine drawn shet glass. 1 903
Flowing device 1 903
Continuous leer for flint glass 1 908
Low expansion glasses 1915
Hartford-Fairmont feeder 1915
Automatic tube machine 1916
Automatic bulb machine 1917

Cleon Tondeur
United Glass Works
Frank Schuman
The Tiffany Furnaces
Nicholas Kopp
Charles H. Runyon
Marsh Plate Glass Works
Michael J. Owens
Michael J. Owens
John J. Lubbers
Irving W. Colburn
Homer Brooke
Maryland Glass Corporation
E. C. Sullivan & W. C. Taylor
Karl J. Peiler
Edward Danner
August Kadow

Place

Jamestown, Va.
Sandwich,- Mass.
Williamsburg, N. Y,
Wheeling. W. Va.
Pittsburgh, Pa.
Poughkeepsie, N. Y
Bradford, Pa.

Pittsburgh, Pa.

Dunhamville, N. Y.
Streator, 111.

Tacony, Pa.
Corona, L. I.

Pittsburgh, Pa.
Rochester, Pa.
Walton, Pa.
Toledo, Ohio
Toledo, Ohio
Pittsburgh, Pa.
Franklin, Pa.
Jersey City, N. J.

Baltimore, Md.
Corning, N. Y
Fairmont, W. Va.
Toledo, Ohio
Toledo, Ohio

Comments
For the manufacture of beads and bottles
The Boston & Sandwich Glass Co., Deming Jarves, mgr.
Failed by reason of competition from France and Belgium
This invention nearly extinguished the old flint industry.
Built at the O'Hara Glass Works, for use with producer gas
For the manufacture of bottles.
In 1 884, gas was.used for melting flint glass in the. Riverside

Glass Works, Wellsburg, W. Va.
An important step in.the development of -the automatic

bottle machines.
Fox & Sons Window Glass Co. (the "rod" leer).

Keystone Glass Co.

The American Window Glass Machine
The Libbey Owens Sheet Glass Machine.
L'sed in connection with automatic machines.
The intermittent pan leer had been in.use for fifty years.
Pyrex glass.

For use with automatic machines.

The Westlake machine producing bulbs for incandescent
lights.

has not yet been produced in which color is constant through-

out the operations and heat treatments which are involved. A
highly colored red glass of permanent tint used in conjunc-

tion with the well-known blue glass, "powder blue," would
form an ideal "decolorizer" and would be appreciated by the

glassmaker. The use of colored glasses for signaling, for

color screens in photochemical work and for goggles and spec-

tacles to protect the eyes indicates the importance in the

manufacture of these glasses of a scientific understanding of

their properties, production and uses. The successful applica-

tion of artificial illumination is associated closely with the

glass used, and the scientific production of translucent and

other glasses of the required properties offers a fruitful

field of investigation for the scientist.

ACCOMPLISHMENTS OF THE CHEMIST

Examples of what the chemist already has accomplished

in the glass industries will occur to any one who is familiar

with this field of manufacture. The' German scientist has re-

ceived his share of glory in the development of the optical glass

industry, but the American inventors have been given little

publicity. The American contributions of "lime flint" 4 glass,

and recently of new laboratory glassware, of glass of ex-

tremely low coefficient of expansion, of glasses of peculiar

properties for particular uses, and, during the war, the rapid

establishment of a whole optical glass industry, under the

direct supervision of scientists from the Geophysical Labora-

tory and the U. S. Bureau of Standards, are noteworthy ac-

complishments and are indicative of greater achievements

when the glass industry has been put on a scientific basis.

The responsibility for fulfilment of this condition rests

equally upon the scientist and upon the industrialist. It is

fair to conclude that the glass manufacturer is not yet con-

vinced that the scientist has an understanding of his prob-

lems or the ability to solve them equal to that of his prac-

tical glassmaker. It is probably true that the chemist often

has failed to produce results in the glass factory ; it is also

probably true that the glass manufacturer has not understood

what he might expect of the chemist and has not had a

sufficient comprehension of science to utilize the services of

the chemist to the best advantage. It is evident, therefore,

that a fundamental consideration in putting this industry on

a scientific basis is a more adequate training of chemists and

chemical engineers in glass technology. The number of our

universities which offer courses in the chemistry of glass is

distressingly small and there remains to be established in any

school an adequate course in glass technology in which the

knowledge of the practical glassmaker is correlated with the

Invented in 1865 by William Leighton, Sr., of Wheeling, W. Va.

Leighton used sodium bicarbonate in place of soda ash, which at

that time contained quantities of impurities.

known principles of chemistry and physics. The opportunities

offered in this field and the knowledge that men of scientific

training will be required in the glass industries constitute the

primary arguments for the establishment of such courses of

training, and the assurance of cooperation on the part of the

industrialist will be of material aid and is indeed necessary

in the consummation of this desirable purpose.

Such a course in glass technology should not only develop

men for research and control work but should also offer to

the practical man an opportunity to gain such a knowledge of

scientific principles as will be of benefit to him in working
in sympathetic accord with the scientific men in his factory.

In this principle is undoubtedly to be found the reason for

instances of failure of the chemist in the glass industries.

The chemist has not been trained to understand the point of

view of the men making glass and the practical man has not

understood the point of view of the chemist. In many in-

dustries in which the professionally trained man forms an

essential part it has been found advantageous to give him in

the factory an additional special training in the particular

business of that factory. The recognition by the glass manu-
facturer of the fundamentals of this situation will quickly

react to his advantage. The work of the chemist, particu-

larly if he is engaged in research, lies within a field which
properly comes under the direct jurisdiction of the chief execu-

tive of the organization. It is notable that in those concerns

which have made the best use of the chemist he has come into

a position of high executive responsibility. One instance, of

many, may be cited in which the chief of the chemical labora-

tories is one of the five principal officers who report directly

to the president of the company. This method of organization

does not presuppose that the president is a man of scientific

training, but it does assume that he has an understanding of

the relation of his business to the scientific principles involved.

It is not to be expected that even a large number of chemists

working independently and in isolation in the laboratories of

a large number of glass factories will, in the highest sense,

put the glass industry on a scientific basis. Science supposes

organization and experience has demonstrated that united

efforts are more productive than equally intense but disposed

expenditure of energy. The success which has accompanied the

research laboratories established by associations of manu-

facturers in a united purpose for the common good may well

be considered by the several glass industries. The establish-

ment in England of the Glass Research Association under the

auspices of the Department of Scientific and Industrial Re-

search is to be taken as indicating the beginning of concerted

effort to apply scientific principles to the manufacture of

glass, an attitude of cooperation which is commended to the

attention of the glass industries in this country.
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Cold Light

Luminescence, Fluorescence and Phosphorescence

By J. J. Birch, Ph.D.

DURING the last few years much time and study have

been spent investigating the nature of chemical reac-

tions. It was known to the early alchemists that two
substances when brought together under favorable conditions

would unite or combine, forming a resultant differing from the

original substances; but not until recent years have tenable

theories been formulated to explain the changes in composition

and constitution which substances undergo and the alteration

in properties which accompanies and gives evidence of those

changes. The atomic theory seeks to explain chemical reac-

tions by assuming that all matter is composed of infinitely

small particles called atoms. They possess the power of

attracting or holding on to other atoms and do not subdivide

in taking part in chemical changes. The atoms of each element

are homogeneous, but differ from other atoms of other elements.

Each atom in turn is divided into positive and negative ions.

A single ion often includes several atoms of different elements

and bears an electric charge while an atom does not. The
existence of an electric charge entirely changes the properties

of the atom, as may be seen from the electrolysis of sodium
chloride. Atoms of chlorine, tend in pairs, to form molecules

of green chlorine gas. Ions of chlorine are colorless and repel

each other because they possess like charges. In the practice

of general chemistry the ionic relations are those most fre-

quently met with. The atoms of the elements are considered

to consist of aggregations of large numbers of electrons in a

kind of "shell" or "body" of positive electricity. The positive

electricity in a given atom is equal in quantity to the total

negative charge of the electrons in the atom ; the atom as

such, containing no excess of either positive or negative

electricity. The number of electrons in the atom of the element

is considered to be definite and constant for the element, but

the number varies as we go from the atom of one element to

those of a second element, the number increasing with the

atomic weight of the element. It is altogether likely that the

atoms in a molecule of a substance already possess electric

charges, so that, even while combined, their tendencies to

lose or gain electrons are satisfied. It is also possible that

the atoms are held together in the molecule by the electrical

attraction of the opposite charges. These facts must be held

in mind in considering the hypothesis of luminescence, phos-

phorescence and fluorescence.

The term luminescence is generally applied to that property

possessed by a large number of substances of becoming lumi-

nous under the influence of light, or other forms of radiation.

The term has been proposed to include all cases in which

bodies give off light due to ignition. When produced by light,

the phenomenon is accompanied by absorption of the incident

light of certain wave lengths, the luminescence consisting of

light of wave lengths differing from those of the excited light.

It is difficult scientifically to demonstrate just what happens

in absorption, yet the field narrows itself down to a tenable

conclusion which seems to include all conditions. The spec-

trum as we know it ranges from the red at one end to the

violet at the other. Each of these and the intermediate

colors have a definite wave length analogous to the waves of

the sea—some long and others short and choppy ; some moving

slowly and others moving rapidly, with an indefinite number
of intermediates. Molecules of substances, because of their

chemical constitution, can vibrate only in one frequency. Sup-

pose that frequency to be equal to that of the exciting light.

When a substance whose molecules vibrate at the same rate

as the exciting light be brought into the region of the ex-

citing light, the electrons in the molecule will start to vibrate.

This is comparable to the vibrations of tuning forks of equal

pitch, when one is brought, while vibrating, into the region of

the one which is still. .The one which is not in vibration will

start to vibrate and when one is dampened the other continues

to vibrate. This is exactly what happens in luminescence.

Substances which have a definite wave length are excited

into motion by others having the same rate of vibration. Those
substances, which when in reaction, are at the red end of the

spectrum, give us luminescence. In many cases luminescence

occurs with almost imperceptible rises of temperature, and
for that reason has been called "cold light." Many chemical

reactions often occur at low temperatures, at which temperature
light appears. This is called chemiuminescence. Production

of light by fracture of crystals is called triboluminescence ; by

cathode rays, cathodoluminescence ; and by solidification of a

melt or a precipitation from solution, crystalloluminescence.

Many chemical reactions likewise take place only, or more vig-

orously, in ultra violet, or light of certain wave lengths.

3 Oj = 2 Oj takes place mostly in the ultra violet. 2 3 = 3 2

takes place mostly in the ultra violet. H2 + Cl2 = 2 H CI

likewise takes place mostly in the ultra violet. 4 HI -|- 2 =
2 H, O -f 2 I, takes place mostly in blue light, some in the

ultra violet and none in the green or red. Hg + (NH4 ) 2 C20<

Hg2 CI, + 2 NH4 CI + C02 takes place mostly in yellow light

and some in the blue light.

Albertus Magnus knew that the diamond when heated mod-
erately became luminous. Also when calcite is heated below,

the red hot point, light will be emitted, and it will continue

to be luminescent for some time after the heat is removed.

This is called thermal luminescence. It is believed that the

crystal absorbed light until molecular action was brought about

and that it continued to glow until this molecular action

ceased.

If the luminescence occurs only so long as the exciting

light falls upon the substance it is called fluorescence. This

likewise depends on absorption of certain rays of light. It

may be defined as that property which some transparent bodies

have of producing light differing in color from the mass of

material ; as when green crystals of fluorspar afford blue re-

flections. The light emitted by fluorescent substances is in

general of lower refrangibility than the incident light. By
measurement of the distribution of intensities of fluorescent

light in different directions, relative to the plane of polariza-

tion of the exciting beam of light, it has been found that the

direction of vibration of the light emiting particles is not

uniformly distributed, and that the direction at right angles

to the plane of polarization is preferably adopted by the

vibrating particles. This gives us the key to the hypothesis of

fluorescence. . An atom, as has been previously stated, is

regarded as a positively charged body on the surface of which

are one or an indefinite number of negative electrons. When
light is absorbed its energy is converted into kinetic energy

of the electrons which fly off at a greater or smaller distance

from the atom, stirring up potential energy. On the return

journey of the electron or body of electrons toward the atom,

the potential energy is converted partly into light, not neces-

sarily of the same wave length as that absorbed. Thus, fluo-

rescence is not due to a difference in color of a distinct surface

layer, but to the power which the substance has of modifying

the light incident upon it. Fluorescent bodies emit their

characteristic light only while under the influence of the ex-

citing illumination, while phosphorescent bodies are luminous

for an appreciable time after the exciting light is cut off. It

is there that phorescence is differentiated from fluorescence,

for if the luminescence persits after the excitation is discon-

tinued it is called phosphorescence.
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The property of phosphorescence has been known from early

times. Pliny spoke of various gems which shone with a light

of their own. However the first discovery which attracted

scientific attention was that of Vincenzo Cascarilo, a cobbler

of Bologne, who discovered that certain calcium sulphide

salts emitted light after having been exposed to the sunlight.

A number of other substances which became luminous either

after exposure to light or on heating were soon discovered.

To this class of substances the general name of "phosphor!"

from the Greek ^of and (j>6poc, bringing light, was given. In

recent years, it has become necessary to limit the strict mean-

ing of the word phosphorescence to those substances which,

after exposure to light became self-luminous, even if for only

a fraction of a second. Phosphorescence in this restricted

meaning is most strikingly exhibited by the artificial sul-

phides of calcium, strontium and barium. If any of these

are exposed ' either to daylight or to the ultra violet rays,

they will shine for hours in the dark with a soft colored light,

the color being dependent however upon not only the nature

of the substance itself, but upon its physical condition and
on the temperature. Thus calcium sulphide may be orange-

yellow, yellow, green or violet, according to the methods of

preparation and the material used. Becquerel found that the

light given by a specimen of strontium sulphide changed from
violet to blue, green, orange and yellow as the temperature

during the corresponding periods of isolation was 20, 40, 60,

100 and 200 degrees Centigrade. The duration of the phos-

phorescent light may range from but a few seconds to many
days.

There are many minerals which possess the power of phos-

phorescing but likewise there are distinct processes which
they must pass through in order to bring out this property.

•Fluorspar, lepidolite and quinine will all phosphoresce when
heated below the red hot temperature. Fused calcium chlo-

ride will glow when rubbed together. The crystallization of

boracic acid after fusion and the crystallization of water on

rapid freezing also shows phosphorescence. This property is

also manifest in the cleavage of mica. The two split por-

tions become electrified, one positively and the other nega-

tively. Gelatin, celluloid, paraffin and ivory are phosphores-

cent at very low temperatures, but lose this property at ordi-

nary temperatures. The final explanation of phosphorescence

in inorganic substances is that when a phosphorescent body is

exposed to light the energy of the light is stored up in some
kind of strain energy and the phosphorescent light is given

out during a more or less slow recovery from that state of

strain. This is necessarily attended with a change in molecu-

lar structure or in specific heat. The sulphides of the alkaline

earths lose the property of phosphorescence when subjected

to heavy pressure. Many fluorescent solutions become highly

phosphorescent when rendered solid by gelatin.

Phosphorescence is also noted to a large extent in marine

organisms and. nocturnal insects. In the jelly fish there is no

organ specially set apart for the production of . light ; but

the whole surface seems to glow. This property is useful at

great ocean depths where no sunlight penetrates, and is

known as the "Abyssal Theory of Light." Some deep sea

fishes have well developed eyes, while others have well devel-

oped light producing apparatus. This serves both to attract

the opposite sex and as a means of defence to marine creatures

and also to nocturnal insects. In the glow worm (Lampyris

splandidula) the male has two pairs of organs in each of

two segments preceding the last to the abdomen, each organ

consisting of a pale, transparent superficial layer which gives

off the light and a deep opaque layer whose function appar-

ently is less obvious, but which may serve as a reflector.

The light emitted by different animals varies. The glow-

worms, -fireflies, centipedes and annelids give off a green light.

The Italian firefly a blue, while certain species of cleodora

emit a red light.

It is found, in general, that the light emitted by marine

creatures is either blue or a light green.

The case of phosphorescence in organisms has not been
conclusively proven to science. In the glowworm the dis-

tribution of trachse throughout the photogenic apparatus, and
the fact that carbon dioxide extinguishes the light, while
oxygen intensifies it, suggests that it is due to some slow
form of combination, while the fatty contents of the lumi-
nous cells of this and many other animals point to the proba-
bility that a fat containing free phosphorus is the active
agent in the process. Since a large number of luminous or-

ganisms retain their power after death and even dissection and
subsequent moistening, there seems no necessity to adopt the
theory that we have to deal with an instance of direct trans-
formation of vital into radiant energy.

COTTON RESEARCH IN EGYPT
The Cotton Research Board, Ministry of Agriculture, Egypt,

has issued its preliminary report from the Government Pub-
lications Office in Cairo. Egyptian conditions are particularly
favorable to the cultivation of cotton, and the types evolved
there are well known everywhere for the quality and length
of the fiber. This is accompanied by a high yield, which makes
it an attractive crop for the Egyptian grower. The govern-
ment there has recognized the unique importance of cotton
to Egypt, and from time to time commissions have been ap-
pointed to study particular matters with reference to the
welfare of the industry. There has, however, been no perma-
nent organization, but at the close of the war the Cotton Re-
search Board was established, and this board has been con-

stituted in a way to bring together experienced workers in

all branches of science which can contribute to the problem of

cotton improvement. These include Agronomy, Botany, Ento-
mology, Chemistry and Physics.

Four important field experiments have already been initiated

by the board. These are the effect of the subsoil water level

on cotton, reduced watering experiments, yield tests of nine

varieties of cotton and spacing tests. To indicate the extent

and thoroughness of the work it may be pointed out that nine

varieties of cotton are being grown on the chess-board system
at five stations. There will be 270 plots, and the minimum
number of plants under observation in each plot is 100. Thus
the Botanical Section of the Board will be called upon to

count flowers and bolls on 27,000 plants at regular intervals

during several months of the year. The Entomological Section

is working on a basis that necessitates the examination of

the entire yield of at least 300 plants on each plot. The col-

lection alone of this amount of material requires the entire

time of an expert for ten days, and to carry out the obser-

vations at only one of the five experimental stations requires

that the bolls be picked from 16,000 plants, and each one of

these bolls be separately packed in paper in order that the

test relative to the loss due to the pink boll worm may be

concluded.

Plant breeding methods are under way. The entomologist

is studying the various types of injurious insects, and the

physicist, in addition to field experiments, finds demands for

his talents in the measurement of length, strength, thickness,

uniformity and so on, of the cotton fiber.

The chemist is making a special study of the Egyption soil,

is responsible for observations concerning subsoil water and

manures, and in addition is charged with investigations on

the composition of cotton seed and the nature of the changes

which occur during storage.

The work undertaken is obviously of the right character

and, as is pointed out in the report, lost opportunities cannot

be retrieved immediately and good scientific work cannot be

hurried. Research can very seldom guarantee results in ad-

vance, and an important research of this character, whether

carried on in Egypt or America, is so essential that it de-

serves continued adequate support and a large measure of

confidence, especially in its initial stages.
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IN
the following article it is not proposed

to tell again any part of the story of the

discovery and application to practical

use of the Roentgen rays. This story is

known to most of the readers of the Scien-

tific American Monthly, many of whom
have had first hand experience of the extra-

ordinary development during the past twenty-

five years of the technique of X-ray photog-

raphy as an aid to medical diagnosis. It

is proposed however to introduce to the

readers of this magazine a little known and

yet profoundly significant field of scientific

research which has been carried on by a

small band of investigators who were not

primarily interested in the direct utiliza-

tion of Roentgen's discovery, but were rather

interested chiefly in learning from the results of cunningly

devised experiments what X-rays are.

The researches of these scientists have been successful even

beyond expectations, for not only has the uncertainty (the

reason for the X, the unknown quantity, in the popular name)
been removed so that we now know that X-rays are invisible

light rays of wave length only about one five-thousandths of

that of visible light, but also in addition it has been found
that in the X-ray we possess a key which has already unlocked

some of the secrets of molecular and atomic structure and is

likely to prove a pass-key into new realms of physical and
chemical discovery. The scientific study of X-rays has led

to what is almost the ability to see the atoms and molecules.

This has come through the discovery, in the X-ray, of a kind

of light as fine-grained, so to speak, as the fineness of the

grain of molecular structure. Before the discovery of the

X-ray and what its nature is it was as hopeless to attempt
to "see" an atom as it would be to notice the effect of a
few scattered corks on the surface of the ocean by looking for

a change in the character of the great ocean waves that had
swept by the corks. Now the state of affairs is similar

to an attempt to locate the corks by their effect on a train of

fine ripples in a quiet pool. By noting how shadows are

formed behind the corks and how reflected ripples run back
over the surface in front of the corks a very fair idea of the

spacing and size of the corks themselves may be obtained.

And so it is with the ultra-microscopic atom and the X-ray
as analogues of the corks and the water ripples. The atom may
be of the proper size to "scatter" the light (X-ray) of short

wave length and be far too small to "scatter" appreciably

visible light of wave length many times greater.

Early attempts to secure experimental evidence on the

nature of X-rays showed that the only effects produced on
them by matter which were at all similar to effects of matter
on ordinary light were certain absorption and scattering effects

and a careful quantitative study of these made it appear proba-

ble, though by no means certain, that X-rays and ordinary

light were identical except for a relatively enormous difference

in wave length.

X-rays proceed from the metal target (or anti-cathode) of

the X-ray bulb, at which it is known that the electrons from
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the cathode of the bulb are suddenly brought

to rest after having had a velocity of some-

thing like a hundred thousand miles per sec-

ond. The X-rays proceed from the metal

target in straight lines and their presence

may fortunately be detected in a number of

ways, one of which is their effect on a pho-

tographic plate.

Soon after the discovery of X-rays a care-

ful study was made of how they are scat-

tered by various substances and also how
these scattered rays are absorbed by matter.

It was found that there are two distinct

kinds of X-rays which proceed from a body
which is scattering them ; one kind is called

simply "scattered" X-rays and the other

"characteristic" X-rays. These latter were
found to have very remarkable properties

which depend in a large measure on the

atomic weight of the material which does the

scattering and the "characteristic" rays

themselves seem to proceed from the scat-

tering body as though they were generated in the body itself

and not merely reflected or even simply scattered by it. In

fact the penetrating power, or the ability of the X-ray to

traverse thin sheets of metal, increases with the atomic weight

of the element from which it is emitted so that the "character-

istic" X-radiation from any atom can excite the correspond-

ing radiation of a lighter atom but not that of a heavier atom.

A quantitative law was discovered which enabled one to

predict the penetrating power of the "characteristic" radiations

emitted by any element when bombarded by X-radiations com-

ing from elements of higher atomic weight. These "character-

istic" radiations were found to be independent of chemical

combinations. The characteristic X-radiation from iron, for

example, was the same as that from any of the iron salts. This

indicates that the source of the "characteristic" X-radiation

is the atom and not the molecule or molecular group. In fact,

all the various phenomena of X-radiation make it appear

highly probable that the X-ray is caused by atomic activity,

and the study of X-rays has held out the promise that because

of this we may learn something of atomic structure. This

promise has been very amply fulfilled during the past few years.

The evidence furnished by the ordinary scattered X-radiation

that X-rays were probably invisible light waves of very short

wave length and the evidence that the "characteristic"

X-radiation came from an atomic vibration which emits a

wave whose length depends on the atomic weight furnished

the idea underlying one of the most brilliant discoveries in

modern science. The idea was this : Why not make the atoms
themselves scatter these invisible short light waves since in

the class of materials called crystals we possess natural scat-

tering systems whose elements are atomic in size, and since

we have reason to suspect that the wave length of both the

"scattered" and of the "characteristic" X-rays is of the order

of magnitude of the spacing of the individual atoms in the

crystals.

This daring suggestion and the difficult mathematical formu-

lation of the results which might be looked for in experiment

is due to Dr. Laue, a professor of the University of Zurich,

Switzerland, and his predictions have been verified, though the

most fruitful results have come from the following up of an

experimental procedure based on a greatly simplified theoretical
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treatment of the problem by the English physicists, W. H. and

W. L. Bragg. Due to the pioneer work of these scientists there

have been opened up two extremely fertile fields of investiga-

tion : 1st, a highly accurate experimental method of study of

the actual arrangement of the atoms and molecules in crys-

talline bodies, and 2nd, a powerful aid to the analysis of atomic

structure which has been, since the days of the very begin-

ning of science, the aim of the scientist in his study of inani-

mate nature.

It is hardly necessary to point out the extreme importance of

research along both of these lines. Useful application of dis-

coveries and important discoveries themselves may be and are

made without much real knowledge of molecular and atomic

structure, but it is absolutely certain that both discovery and
invention in the chemical and physical arts will be increas-

ingly certain as we approach nearer and nearer to a knowledge

of how matter is constituted.

In actual fact the studies of crystalline structure and of the

dependence of the X-ray characteristics on the atoms which

emit them went on hand in hand, but for the purpose of a brief

description of these studies it will be better to take up these

two matters one after the other. It is evident that if the wave
length of any single one of the "characteristic" X-rays be

accurately known a study of the atomic arrangement of all

crystals may be carried out by learning how the atoms of

these various crystals scatter the given X-rays. The problem

is analogous (though far more difficult) to that of determin-

ing the spacing of the line elements of a fine optical grating

from a knowledge of where all of the diffracted images of a

source of light of known wave-length are formed. The optical

grating is the simplest conceivable type for in it we have a

single series of lines repeated one after another in a row. The
next more complicated type is illustrated in the fly screen

where there is a double series of lines at right angles to each

other, each repeated one after another in a row. The fly

screen is thus a very simple two-dimensional grating or lattice.

Now for more than a half century the student of crystallogra-

phy has been working on a theory of crystalline structure, due

to Bravais, which pictures the atoms of a given kind in a

crystal at definite points on a minute lattice-like structure in

three dimensions—a so-called "cell" or element of a "space

lattice." To picture a simple form of "cell" very much
magnified one can think of a safety match box with beads at

each of its eight corners and then imagine the beads to be

held in place by forces between them so that one can imagine

the match box itself to be removed. In this picture the beads

would represent atoms of a crystalline substance and their

arrangement would constitute a simple "cell" of eight atoms.

Similar "cells" adjacent to each other would have atoms in

common so that any atom belongs to more than one "cell." With

the assumption of a very small number of relatively simple

elementary space lattices, crystallographers have been able

to explain the existence of all the varied forms in which the

great host of crystalline materials occur in nature. A crystal

like rock salt, for example, which consists of atoms of sodium

and atoms of chlorine, is pictured as made up of definite

"cells" of sodium atoms, and, occupying the same region, defi-

nite "cells" of chlorine atoms. A substance like diamond,

which is made up of only one kind of atom (that of carbon)

is similarly built up of two interpenetrating space lattices

each consisting of an arrangement of carbon atoms.

In what follows one can assist the imagination by thinking

of a huge pile of exactly similar safety match boxes; for ex-

ample, a million boxes piled up on a base formed by ten

thousand boxes ranged side by side and end to end ; that is,

100 box-lengths deep and 100 box-widths wide. There would

be 100 such layers, each layer having the height of one box.

On account of this regularity of piling it would be possible

to pass a very great number of planes through the pile in such

a way that these planes contain a number of box corners

(atoms). Some of these planes would contain a great many
corners to the square foot and some would contain very few.

In the example given the vertical plane through the exposed
box ends would contain the greatest number of corners

(atoms) possible, and there would be ninety-nine other ex-

actly similar planes parallel to this one and separated from
each other by one box length. Other planes would exist which
contain nearly as many box corners, but their relative spacing

would be different. In general there would be a small number
of directions through the pile in which parallel planes might
be drawn so as to include a large number of corners (atoms)
and these parallel planes would be quite definitely and regu-

larly spaced throughout the entire pile.

In the crystal then there exist a great many planes, each of

which contains similar atoms, but some such planes will con-

tain the atoms much more thickly packed than other planes

do. From these planes thickly studded with atoms we should

expect the X-rays to be most copiously scattered, and we
should expect them to be very little scattered from those planes

which contain only a few atoms to do the scattering. But
the scattering takes place not only from a single plane thickly

studded with atoms but from a whole series of similar parallel

planes, and the effect we may expect must depend on the spac-

ing of these planes. If the planes are spaced in a certain way
the effect of scattered X-rays of a certain wave length coming
from each of the succeeding layers may all help each other and
we may have a great amount of scattered rays, while if the

spacing of the planes is a little greater or less it may be that

the effects from neighboring planes offset each other, just as

two or more trains of light waves may produce darkness or

trains of sound waves may produce silence. To sum up then

:

By studying the scattering of X-rays from crystals it is

possible to determine which of the planes through the crystal

are thickly packed with atoms of a given kind and to infer

what the spacings of such planes are throughout the crystal-

line structure. By using "characteristic" X-rays of known
wave length and studying the manner in which a crystal scat-

ters these rays as it is held in different positions, it is possi-

ble to map out the spacing of the atoms on the space lattices

of the crystal and even more than this it is possible to map
out in a similar way the spacing of the other atoms of the

molecule of the crystal substance and so obtain an accurate

model of the arrangement of the atoms in the molecule for all

these substances which occur as crystals.

Since the discoveries of Dr. Dane and the Braggs and their

co-workers the architecture of crystals has been laid open to

what is almost direct examination and measurement. The
crystallographer and metallurgist need no longer infer from

the external forms of crystals what their internal structure

may be. It should be now merely a matter of experimental

detail for the metallurgist to learn definitely what happens
in the heat treatment, tempering, aging, etc., of the crystalline

metals. Because of this new tool for research in crystal struc-

ture a few interesting facts have already come to light: amor-

phous carbon really consists of minute graphite crystals;

colloidal gold and silver consist of minute crystals so small

that they contain but a few score atoms and yet these crys-

tals are as perfect as the larger growths. A plausible reason

for the hardness of certain crystals and the softness of other

crystals has been found in the fact that a survey of atomic

structure seems to point to the former having atoms with elec-

trons common to more than one atom while this is not the case

in the soft crystals. In metal crystal atoms some of the

electrons are probably not bound permanently to any atom
but are free to wander; this may have a bearing on the

ductility and malleability of metals in general.

A beginning has already been made in the direction of a

practical utilization of what is still a rather delicate scien-

tific technique. This beginning consists in the study of the

effects of rollng and aging on metal plates and crystal forma-

tion has been very definitely detected in both cases. Here
is a field where the metallurgist who knows the practical prob-

lems and the physicist who has the experience in this new
field of X-ray photography might well get together with the
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object of determining whether one of the world's most impor-

tant industries may not greatly benefit by employing X-ray

photography.

Along with the study of crystal structure by means of X-

rays there has gone experimentation in the nature of the

"characteristic" X-rays with the aid of crystals built up on

"space lattices" whose dimensions are approximately known.

From this there has resulted a knowledge of the wave lengths

of the "characteristic" radiations emitted by the various chem-

ical elements. Nearly all of the chemical elements may be

caused to emit "characteristic" X-rays if these elements are

used as targets in X-ray bulbs under suitable working condi-

tions. Each of these "characteristic" radiations consists in

general of rays of several different wave lengths and many of

the elements emit more than one series of radiations, each of

which consists of radiations of several different wave lengtns.

These "characteristic" X-radiations from the various elements

are quite similar to the "spectra" of elements jn the visible and

ultra-violet regions of light, only fortunately they are far

simpler than the visible spectra of even the simplest chemical

elements.

For more than fifty years physicists and chemists have been

endeavoring to bring some sort of order out of the apparent

chaos of the spectra of the simplest of the chemical elements

—

the element of the smallest atomic weight, hydrogen. In the

case of hydrogen in the visible and ultra-violet spectra a certain

number of the spectrum lines form an ordered series whose

position in the spectrum may be calculated from a formula

which has been recently derived by N. Bohr on certain as-

sumptions as to how an atom emits energy in the form of light.

This formula contains known electric quantities which charac-

terize the electrons and "nucleus" out of which the atom is now
supposed to be built up, and it also contains other quantities,

among which is the mass of the atom, which are also fairly

well known. It is found that this same formula predicts accu-

rately the wave length of the shortest wave which any one

of the elements is able to emit as "characteristic" X-radiation,

and this prediction is in complete agreement with experiment.

This very significant result is taken to mean that the length of

the shortest light wave which any atom may emit depends

only on the magnitude of the electric charge of the nucleus of

the atom.

A still more striking indication that in the wave length of

the "characteristic" X-rays emitted by the various chemical

elements we have a simple indication of the atomic structure

of the element is furnished by the work of Moseley in 1913 and
1914. The discovery made by this brilliant young English

physicist, who a few months later was killed in action, ranks

among the great fundamental discoveries which profoundly

affect human thought and turn it into new channels.

Moseley obtained experimentally the "characteristic" X-ray

spectra of nearly all of the chemical elements and found that

in general the heavier the atom of the element, the shorter is

the wave length of the "characteristic" X-radiation which it

emits. While this was in general true he found that there was
no simple numerical relation between wave length and atomic

weight, but that there was an extremely simple relation between

wave length and what is known as the "Atomic Number" of

an element. The atomic weight of an element indicates how
many times heavier than the atom of hydrogen the atom
of the element is, while the atomic number of an element is its

order in the periodic table of chemical elements. This atomic

number which is thus brought into such prominence by Mose-

ley's results, must be more than a mere number—it must
represent some fundamental attribute of the atom.

Several independent lines of investigation all point to the

same conclusions, viz., that the constitution of the atom
may be somewhat similar to that of a solar system—to consist

of a nucleus (sun) with electrons revolving in orbits (plan-

ets). The nucleus is electrically charged positively and the

electrons are negatively charged. Some of these electrons re-

volve around the nucleus on outlying orbits and some are

imbedded in the nucleus or are on orbits very close to the

nucleus. The electric charge of the nucleus is that of the

nucleus proper diminished by the amount of the negative

charge of those electrons which lie close to the center, and

thus the number of the so-called orbit electrons which rotate

on the outer orbits is equal to the net residual positive nuclear

charge. This nuclear charge must be a very fundamental

attribute of the atom for on it depends not only the inner

constitution of the nucleus but also the number of the orbit

electrons. It is thought that the constitution of the nucleus

directly determines the mass of the atom and its radio-active

properties, while the chemical and optical properties are de-

termined by the number and arrangement of the orbit electrons

and thus depend only indirectly on the constitution of the

nucleus. According to the modern theory of the constitution

of the atom, the nuclear charge of an atom is given by the

atomic number of the element. This amounts to saying that

as we ascend the periodic table of the chemical elements from

hydrogen (the lightest element) to the heavy elements, gold,

uranium, etc., each atom differs from the one below it in the

table merely by having one more unit of nuclear charge and

one more orbit electron. On this view the nuclear charge of

hydrogen is one—it has one orbit electron, and its atomic

weight is one.

All other chemical elements have nuclei made up of hydrogen
.

nuclei sufficient in number to give the required atomic weight.

These nuclei have close-lying electrons sufficient in number
to bring the net positive charge of the nucleus to be numeric-

ally equal to the atomic number for the element ; in addition

there are the remaining orbit electrons and these are also

equal in number to the atomic number of the element.

The question naturally arises as to why the atomic weights

of all the chemical elements are not whole numbers if each is

made up of a whole number of hydrogen nuclei. The answer

which the new theory of atomic structure gives is that two

elements may have the same nuclear charge but different

atomic weight and be quite inseparable from each other by ordi-

nary chemical means—these are called isotopes. Now a sub-

stance like chlorine, whose atomic weight is 35.5, is supposed

to consist of two isotopes, one consisting of 35 hydrogen nuclei

with 18 inner electrons, and the other of 37 hydrogen nuclei

with 20 inner electrons. Each of these isotopes would have a

nuclear charge of 17 since 35 — 18 = 17 and 37 — 20 = 17.

If any quantity of chlorine large enough to allow of experimen-

tation were to consist of three parts of the first isotope and one

part of the second isotope, it would actually have the atomic

weight which chlorine is found to have (35.5), because

3 X 35 + 1 Y 37
-. = 35.5 A well-known case of the existence
4

of isotopes (elements sufficiently similar to have the same
atomic number but differing slightly in atomic weight) is

that of ordinary lead and the lead which results from the

atomic disintegration of radium. The most recent experimental

work goes to show that many of the elements which have

atomic weights which are not whole numbers actually do con-

sist of isotopes which themselves have atomic weights which
are exact integers, and so the new theory seems to promise

the removal of what has long been an objection to the older

atomic theory : that there was no reasonable explanation for

the existence of the atomic weights actually found.

Some progress has been made in estimating between limits

the actual size of the atoms. The results can be appreciated

by imagining a magnification such that an inch appears equal

to the distance from the earth to the sun, then an atom simi-

larly magnified would have the nucleus not more than two
feet in diameter and the furthermost orbit electrons would be

about 3,300 feet and the innermost about 330 feet from the

nucleus. The actual size of the atom would probably be smaller

than this though not smaller than one-fifteenth of this estimate.

The question as to the constitution of the atom is by no
means answered at he present time, but a very encouraging

beginning has been made. At least one great step in advance
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has been taken in the recognition of the importance of the

atomic number of the elements and in the now universal belief

that all the chemical elements are built up of the same funda-

mental units, the hydrogen nucleus and the electron.

The possibilities which such a theory of the constitution of

matter contain for physics and chemistry and their utilization

for the welfare of mankind are practically unlimited. Who
shall say what transformation from the useless to the useful

may not be possible if each is built up of the same ingre-

dients? It is not so long ago that the synthesis of useful

organic molecular compounds from less useful compounds of

the same ingredients was only a theoretical possibility in the

minds of a few searchers after scientific truth, and yet but

recently a nation tried to fight the whole world on synthetic

substitutes for the raw materials it could not get. It does

not of course follow that we shall be able to synthesize the

atom as it has been possible to synthetize the molecule, but it

is well that research so promising as that on the constitution

of the atom should be supported and encouraged in every way
possible, for atomic synthesis or atomic disintegration will not

be attained by haphazard experimentation but only by sys-

tematic study.

The National Research Council, recognizing the great im-

portance of fundamental research in those branches of physics,

such as X-ray spectra, which show such great promise of throw-

ing light on the subject of atomic structure, has organized

committees which have met frequently to discuss the out-

standing problems and to prepare reports which it is hoped

will stimulate interest both in the support and the prosecu-

tion of research work in these lines.

RESEARCH—AN AID TO FOREST PERPETUATION
The growth of forest research in North America has been

phenomenal. Barely 20 years ago there were no foresters

trained in American schools. Today there are approximately

1,500 trained foresters, graduates of technical schools of high

standing, many of whom are devoting their efforts to forest re-

search. Aside from the Federal departments of Canada, New-
foundland, and the United States, there are now from 40 to 50

State, provincial, college, and corporate organizations engaged

in the study of problems in forestry and related subjects. The
inventory of North American forest research, just published

as a bulletin of the National Research Council, lists some 520

investigative projects in forestry. Such a growth in forest

research has not been fostered artificially by generous Gov-

ernment or State appropriations. It is to a large extent a

spontaneous growth brought about by the needs of the time.

To appreciate the situation one needs only to visualize for

a moment the intimate connection which exists between mod-

ern civilization and the use of wood. From the cradle to the

grave we depend upon wood. We sleep in wooden beds and

walk about on wooden floors of our wooden homes. We wash
ourselves with soap made with rosin, a product from wood,

put on our hose manufactured from wood fiber, and step into

our leather shoes cured by tannin extracted from wood. We
sit down to breakfast upon a wooden chair in front of a

wooden table, read the daily news from a paper made of wood
fiber and printed with ink manufactured from a forest product

and received over telegraph lines supported by wooden poles.

If we are sufficiently prosperous we may go to our office in an

automobile with wheels containing wooden spokes and finally

settle in our office surrounded by wooden trimmings and
furniture, and dig into the daily letters and reports made of

wood pulp. We still travel largely in wooden railroad cars

over tracks supported by wooden cross-ties. The commodities

which form the necessities of life are delivered to us in con-

tainers, some of wood and some of fiber, but practically all

of forest products. About one-fifth of the 276,000 manufac-

turing plants which serve our needs use wood in one form or

another.

As long as our timber supply was ample and could be easily

procured by the wood-using industries at a low cost, there

was not much thought of conserving either the forests or elim-

inating waste in the manufacture of forest products. Condi-

tions, however, have now radically changed. The United

States which a few decades ago was the second country in the

world as regards the forest area and ranked first in amount

of saw timber produced, has increasing difficulties in providing

enough raw materials for the existing lumber and wood-using

industries. The 820 million acres of virgin forests of this

country have now shrunk to one-sixth of that area. There

remain now only 137 million acres of virgin forest. The total

forest area, including culled, burned, and cut-over areas, still

aggregate some 463 million acres. Of this, however, about

80 million acres have been so severely cut and burned as to

become an unproductive waste and the remainder is in second

growth, more than half of which is below saw timber size and

is of relatively inferior quality. The remaining merchantable

A METEOROLOGICAL STATION WITHIN THE FOREST. COCONINO FOREST EXPERIMENT STATION NEAR FLAGSTAFF, ARIZ.
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A PLOW AND TRENCHER USED IN THE PLANTING
OPERATIONS

HOW THE SAME LAND LOOKED ONE YEAR AFTER
PLANTING

virgin forests are so distributed as to greatly reduce their

national utility. While the bulk of the population and manu-
facturing industries of the United States are still east of the

Great Plains, our remaining virgin forests are on the Pacific

Coast. This involves long hauls and consequently high prices

to the industries depending upon wood.

There is now consumed or destroyed annually in the United

States 56 billion board feet of material of saw timber size.

Our depleted forests are growing less than one-fourth of this

amount. The United States is not only cutting heavily into

its remaining virgin forest every year but is also using up
the smaller material upon which the future supply of saw-

timber depends much more rapidly than it is being replaced.

The scarcity of high grade oak, poplar, ash, hickory, walnut,

and other standard woods, is now placing many American in-

dustries in a critical condition. The bulk of the building

lumber and structural timbers used in the Eastern and Cen-

tral States during the last 15 years was grown in the pine

forests of the South. The virgin pine forests of the South

Atlantic and Gulf States have now been reduced to nearly one-

sixth of their original stand. The production of yellow pine

lumber is now falling off and within ten years will probably

not exceed the requirements of the Southern States themselves.

Since 1909 the country has ceased being self-supporting in

newsprint paper and now imports two-thirds of the pulp, pulp

wood or newsprint which we require. In 1919 the production

of turpentine and rosin had fallen off 50 per cent. Within
ten years the United State will lose its commanding position in

the world's market for these products and may in time he

unable to supply its domestic requirements.

As the timber supply has dwindled, the prices, due to the

increasing scarcity and long distance hauls, have steadily

gone up. To meet the situation there is need for (1 ) a change
in our present methods of handling the remaining virgin

timberlands, so as to prevent their devastation; (2) an in-

crease in the forest productivity of the cut-over or idle land

not suitable for agriculture, and (3) the elimination of waste
in the handling of the raw material from the log to the

finished product. The first two cannot be accomplished with-

out some legislative measures by the Government and States,

as it is doubtful if private initiative alone can overcome the

economic difficulties in the way of better handling of timber

lands. The latter is largely a better knowledge of the prod-

uct and can be safely left to the self-interest of the industries.

All three measures, however, if they are to be effective, must
be based on accurate knowledge of the life of the forest, the

best means of its perpetuation, and the properties of wood.
The whole present agitation for a National Forest program in

the last resort must rest on the work of the men of science

and the solution of such problems as the best method of con-

verting idle land into productive timber land, methods of

cutting which will secure either regrowth of the valuable

species or the utilization of inferior species in place of the

more valuable kinds whose supply is becoming exhausted,

and general improvement in the technical processes of convert-

ing wood into other forest products or increasing the yield of

by-products from wood.

It is largely under the pressure of the economic necessity of

finding a remedy for the growing area of idle forest land

that investigations into the possibility of converting it into

productive land were undertaken by many States and some

associations, as for instance, the Southern Pine Association.

The Southern Pine Association has recently contributed $10,000

to the National Research Council to investigate the possibili-

ties of cut-over pine land for timber production. This work
is now in charge of a Forestry Committee of the Council and

is well under way.

The Federal Government in its timber operations on the Na-

tional Forests is trying to solve, through several forest experi-

ment stations in the West, the problems of perpetuation of the

forest after cutting by natural means and by planting

areas destroyed by fire which cannot be brought back into

productivity by natural seeding from the older trees. Some
of the wood-using industries, although not carrying on forest

investigations by themselves, are contributing to some extent

and are keenly interested in the work of the Forest Products
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Laboratory at Madison, which is solving the many problems

of wood utilization, prolonging the life of the material by
preservative treatment, increasing the sources of the available

products, and discovering new substitutes for valuable kinds

which can now be obtained only with great difficulty and at

high prices. Forest research, although still young in this

country, has already proved its effectiveness. A few exam-
ples may be cited as an illustration. Thus the discovery of

the fact that the seed of western white pine, the most valuable

species of our western forests, has a tendency to lie over in the

duff for a number of years and germinate after the timber is

cut off and the ground is exposed to heat and sun, has re-

sulted in modifying the timber cutting on the National Forests.

Instead of leaving 25 per cent of the total stand as a means
of securing natural reproduction, the amount of timber left now
is only 10 per cent. This is left more as an insurance against

subsequent fires than as a means for reseeding the cut-over

land which is now dependent upon the seed stored in the

ground. The reduction of 15 per cent in the amount of standing

timber, which has an average stand of about 25,000 board feet

to the acre, is nearly 4,000 board feet, or at the minimum
price of $4 per thousand is a net gain of $16 per acre. There
are about 850,000 acres of western white pine land which
when cut over under the new method of marking timber, would
represent a gain of nearly $14,000,000 to the Government, as

against the old method of cutting.

For years a greater part of western Nebraska was known as

Ihe Great American Desert. Aside from a few ranches along

the river valleys and low-lying land close to lakes, the land

was used for the grazing of long-horned cattle that were trailed

across the country from Texas and then sold in the fall at

Missouri River markets. Grazing, however, was so poor that

the business proved unprofitable and 20 years ago there was
very little use made of the sandhills. In 1902, 206,000 acres

of this desert were set aside by presidential proclamation for

raising timber. In 1903 the Government established its first

plantation. After many failures in the struggle with adverse

climatic conditions, the Forest Service has developed a suc-

cessful method of converting the Nebraska bad lands into

thriving plantations and today there are about 3,500 acres

which have been planted successfully at a cost of about $16
per acre. The weary traveler, passing through the uninterest-

ing sandhill region in Nebraska on the Billings Branch of the

Burlington Railroad, is now astonished after hours of gazing

at bare sandhills, to come suddenly upon green hills covered

with evergreen trees. A desert has been converted into a

forest which is now becoming a game refuge and soon will be

the playground for people in the prairie country and a source

of timber. This has been accomplished only through per-

sistent research in the face of many discouraging conditions.

There are very few nowadays who will deny the protective

value of forest cover on watersheds for irrigation purposes,

water power development, use of water for domestic purposes,

and stream regulation and conservation in general. One of

the main purposes for which National Forests have been used

in the West was to secure favorable conditions of water flow.

It has been estimated that the service which the National

Forests perform in the conservation of water for irrigation

alone is worth two and one-half bilUon dollars amiually. To
detemine accurately the effect which forest cover has upon
the behavior of streams for the better management of protec-

tive mountain forests, the Forest Service in 1909 undertook

an experiment at Wagon Wheel Gap, Colo. Two small water-

sheds were selected and carefully surveyed as to cover, topog-

raphy, and geological formation. Dams were built at the

mouths of the watersheds where automatic recording instru-

ments registered the amount of flow throughout the entire

year—summer and winter. A net of meteorological observa-

tions was established in cooperation with the United States

Weather Bureau on both watersheds covering precipitation,

temperature of the air, moisture of the soil and air, evapora-

tion and snow depth. For 10 years no change in the forest

cover was made, but last year one of the watersheds was
denuded except for a strip of trees along the stream itself.

Observations are now to be conducted for a series of years to

bring out the effect of forest denudation. As all other condi-

tions were made equal any change in the flow of the stream

from the forested and deforested watershed must be due to the

elimination of the forest cover on one of the watersheds.

There is only one other experiment of this kind in the

world and that is in the Swiss Alps not far from Zurich. The
American experiment, however, is more thorough and the

results should toe more conclusive, as in the Swiss experiment

no water measurements are taken 1 during the winter months

and the two watersheds selected differed from the very be-

ginning in the density of their forest cover and no denudation

of any of the watersheds has taken place. The results of the

experiment may be expected within the next 5 or 10 years,

as it is desired to carry the observations over a cycle of dry

and wet years and should settle forever the value of forest

cover in stream control and furnish an accurate basis of

determining that value in any future engineering projects.

In the field of wood utilization the results so far secured

are no less striking. In pulp and paper investigations about

MILLIONS OF DOUGLAS FIR SEEDLINGS READY FOR
PLANTING ON BURNED AND DEVASTATED LAND

THE KIND OF DEVASTATED AND BURNED LAND WHICH
IS BEING PLANTED
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13 species of American timber which heretofore were not

known to be suitable for the manufacture of ground wood
pulp have proved to be adapted for such use. In the manu-
facture of soda pulp the time of cooking, as a result of ex-

perimentation, has been reduced by 20 to 60 per cent, thereby

making possible an increased production with existing plants

of from about 50 to 100 per cent. Laboratory investigations in

hardwood distillation have shown that with no increase in the

cost of equipment or operation of a commercial plant the yield

of wood alcohol and acetate of lime may be increased approxi-

mately 30 per cent and 15 per cent, respectively.

The building and construction trade uses annually about

5% billion feet of timber. This material is worth roughly

$200,000,000. Investigations at the Forest Products Labora-

tory on the mechanical properties of American woods have

shown that 20 per cent increases in the allowable strength

stresses of structural timbers are permissible. This means the

use of smaller timbers with subsequent saving of raw ma-
terial and possible economy in the cost of about $40,000,000

annually. If results are actually applied to only 10 per cent

of such material the annual saving would still be equal to

about $4,000,000. Improved methods of turpentining developed

by the research workers in forestry resulted in increased

yields and less injury to timber with a net saving aggregating

$4,000,000 a year. Economies in this direction are unlimited.

Our present consumption of lumber is around 40 billion

board feet. This represents probably not less than 75 billion

feet of standing timber in the woods. There is an enormous
waste between the tree and the finished product. It is roughly

estimated that by better methods of utilization based on scien-

tific investigations a saving of over 10 billion feet is possible.

Ten billion feet of ripe timber saved each year means a saving

of one year's supply every four years. It means prolonging

by 25 per cent the remaining timber supply. Merely to indicate

the possible economies in the use of wood a few illustrations

may be mentioned. The railroad and electric lines in this coun-

try use about 120,000,000 wooden ties a year. Of this about

28 per cent are treated with some preservative. The average

life of a railroad tie properly treated is 15 years, of an un-

treated tie about 7% years. If all ties were treated there

would be an annual saving on railroad ties alone amounting

to from 1% to 2 billion board feet a year. If in addition to

the ties, poles, posts, mine props, shingles, and other lumber

used under conditions subjected to decay were treated, the

annual saving would be increased to some 6 billion board feet.

The best utilization thus far accomplished under chemical

processes in the manufacture of paper is 45 per cent of the

wood substitute. That means that for every cord of wood
pulped, some 55 per cent of the original weight of the wood
is lost, and for the total annual consumption over 2,000,000

cords a year. Now by proper methods of storing, preventing

shrinkage in the weight of wood and loss through decay, a

saving of some 600,000 tons of pulpwood might be effected. It

is believed that there is an annual loss of one billion feet in

the drying of lumber. By proper methods of kiln drying this

loss could be cut in two.

Important as are the results already accomplished by forest

research in this country, they appear extremely small as com-

pared with the enormous size of the industry depending upon

wood and the vital interests of the country as a whole. The
lumber and wood-using industries are among the greatest and

most important manufacturing industrial developments of the

country. Of the various industries they rank second in

invested capital, first in labor employed, and second in annual

value of products. Yet the total appropriation for forest re-

search in this country barely exceeds $600,000 a year, cover-

ing all the activities, Government, State, college, and individual.

This is less than one-hundredth of one per cent. Compared
with the expenditures of research of such industries as the

steel, chemical, telephone, and photographic industries, etc.,

the wood-using industries of this country have not begun to

realize the possibilities through research.

Notes on Science in America
Abstracts of Current Literature

Prepared by Edward Gleason Spaulding, Professor of Philosophy, Princeton University

AN ANALYSIS OF EARTHQUAKES IN PANAMA
Me. B. Z. Kirkpatkick, Chief Hydrographer for the Panama

Canal, communicates to the Bulletin for the Seismological So-

ciety of America for September, 1920, an analysis of the earth-

quakes observed in Panama up to January 1st, 1920. Mr.

Kirkpatrick states that records of seismic disturbances on the

Isthmus prior to American occupation are meager and conflict-

ing. The best available records show seventeen shocks prior

to 1900 and eleven shocks between 1900 and 1904, one of which
can be classed as destructive—that of September 7, 1882.

No record of shocks is available between 1904 and 1906, but

from 1906 to 1908 inclusive, such shocks as were sufficiently

intense were recorded by an old French seismoscope. During
these three years twenty-eight disturbances were recorded in

this manner.

In December, 1908, two 100-K and two 25-K horizontal pen-

dulum Bosch-Omori seismographs, with damping mediums,
were installed at Ancon and continuous seismological records

have been kept since that time.

Four hundred and twenty-nine seismic tremors have been

recorded from that time up to the close of the year 1919, some
being of nearby origin and some faint tremors from remote

disturbances. Thirty-tivo per cent of these tremors have had
an origin less than two hundred miles distant from the observ-

ing station, twenty-eight per cent have been distant between
two hundred and five hundred miles, twelve per cent have been

distant between five hundred and one thousand miles and four-

teen per cent have been distant over one tlwusand miles. The
remaining fourteen per cent have been those slight tremors

that were not sufficiently well marked to admit of calculation.

The majority of these give indications, however, of being of

remote origin.

The most important disturbances, so far as the Isthmus and

Canal Works are concerned, are those tremors which originated

less than two hundred miles away. These have ranged in

distance from eleven to two hundred miles with the majority

between one hundred and one hundred and fifty miles.

Of those less than one hundred miles away, it may be said

in general, that they are usually perceptible even if they are

but slight tremors.

Those tremors with an origin between one hundred and two
hundred miles are seldom perceptible unless more pronounced

than those of nearer origin; nearly all the more violent dis-

turbances experienced in the Canal Zone have had their origin

a little more than one hundred miles distant.

The author quotes Prof. Harry Fielding Reid and Prof.

Stephen Taber as saying : "Where earthquakes have occurred

frequently in the past they may be expected to occur fre-

quently in the future. This rule, however, cannot be applied

to a given district with any degree of certainty, unless there is

a history of earthquake frequency extending back through a

period of several hundred years.

"All severe earthquakes are followed by aftershocks which

decrease gradually, though not uniformly, in frequency and
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intensity. In some instances they continue for several years,

while in others they die out rapidly. Some of the after shocks

may be due to the extension of the displacement which caused

the initial disturbance, others to the relief of local stresses

which result from, or are increased by, the earlier movements."

In conclusion Mr. Kirkpatrick says : "There is an abrupt

break or fault line in the ocean floor extending all along the

Pacific Coast, and at no great distance from the shore line.

It is probable that this fault line, in the majority of cases, is

often the seat of the seismic disturbances recorded at Balboa

Heights. It also seems that the adjustment which takes place

along this fault occurs at different localities, at different pe-

riods and that the movement is more active to the southwest,

west, and northwest of the Canal Zone ; at least, at the present

time."

ACTION OF X-RAYS UPON FERTILIZED FROG'S OVA
In Science for September 3rd, 1920, Dr. W. M. Baldwin of

the Union University Medical College, gives an account of

investigations, interesting and possibly significant, to deter-

mine the action of X-ray energy upon the fertilized frogs' ovum,

through raying the entire egg at different developmental

stages.

The eggs were permitted to develop in the ponds where they

were laid until the proper stage of development had been

reached, whereupon they were brought immediately into the

laboratory and rayed, development being permitted to progress

in glass jars. Of the 300 eggs used for the experiment, up-

ward of fifty were sectioned serially. The embryos were

fixed in formalin after Schultze's method at varying intervals

after raying. None, however, was permitted to develop to the

time of metamorphosis. In all of the experiments the distance

from the target to the eggs and the per-second energy output

of the tube were constant as was also the time of exposure.

The tube carried a current strength of 50 milliamperes at

50 kv. A dosage of 100 mam. was given to each group of

from twenty to twenty-five eggs. These were placed 17.5 cm.

from the target. The different groups represented approxi-

mately every developmental stage from the two-cell to the

period of the closure of the neural tube. No attempt was
made to orient the eggs with reference to the tube so that the

animal pole or the vegetable pole or right side or left side

of the embryos should be uppermost.

The developed embryos were found to be identical in every

gross and microscopic detail to those produced by raying

the whole ovum at the two-cell stage as described by the same
author in the Anatomical Record of November, 1919. This

uniformity of results, irrespective of the stage rayed, is the

most striking feature of the experiment. Sections of these

embryos resemble in every histological detail those produced

by the former method, and could serve very well to illustrate

the results of that investigation. The experiment represents,

therefore, still another method by means of which a standard-

ized, defective, morphologic condition may be produced.

Owing chiefly to our present lack of knowledge of the asso-

ciation of chemical formula with morphologic structure in the

ovum, a completely satisfactory explanation of this phenome-

non cannot be given.

The factors concerned fall into two natural categories, one

embryological and, the other chemical or physical. Granting

the presence of a series of chemical ontogenetic modifications

preceding the known morphologic features of cell differentia-

tion, it is not impossible that one and the same molecule

whether falling in the category of proanlagen nutritive or

enzymatic substance might, regardless of the oxidative or

reductive changes incident to its elaboration, show the same
capacity of absorption of energy in the two-cell stage as in

the gastrula or neural-plate stages. A constant and uniform

alteration of this molecule might be assumed to lead to a

correspondingly constant and uniform embryological result.

To Dr. Baldwin, however, the hypothesis that seems most

probable is that certain protoplasmic substances maintain a

constant structure, both physical and chemical, during the

early stages of ontogeny. It argues equally well, he thinks,

for the results produced whether we determine the nature of

this constant content to be nutritive or enzyme, since it is

conceivable that the deprivation of the enzymes of the sub-

stances out of which the morphological structures of differen-

tiation are formed would lead to the same developmental

result as the inhibitive effect of energy acting upon the

ferments themselves. The presence of retardation effects is

well attested both by this and by the earlier experiment and
might well be accounted for on these grounds.

It is significant that there is an absence of evidence pointing

toward the destruction either of protoplasmic or of nuclear

material. A more severe degree of injury brought about by

the use of a greater amount of energy was evident through the

presence of both protoplasmic and nuclear detritus. Further-

more, it must be pointed out that the change brought about is

not incompatible with the vitality of the cells. There appears

to have been suspended apparently the function of but one

physiological factor of cell development, that of differentiation,

unattended by any morphologic indication of destruction. The
precise nature and location of this alteration, if morphologic,

cannot, however, at present be identified.

THE ORIGIN OF TWINS
Light was thrown on the origin of twins by Dr. Charles B.

Davenport, director of the Carnegie Institution station for

experimental evolution, in a paper read before the recent

annual meeting of the Eugenics Research Association.

About one per cent of the population consists of twins. It

is generally known that heredity has an important part in the

appearance of twins, as they tend to run in families. Dr.

Davenport stated that about 11 per cent of the twins' relatives

on the maternal side will be found to be twins. On the other

hand, the percentage of twins in the paternal ancestry is

about the same, which leads to the inevitable conclusion that

the father has some part in the production of the twins as

well as the mother.

Most twins are the result of the fertilization of two ova,

and about 10 per cent of all ovulations are double ovulations,

according to Dr. Davenport. If all these ova were fertilized

and developed, there would be 10 per cent of twins in the

population instead of 1 per cent. There is, therefore, a disap-

pearance of 9 per cent of double ovulations to be accounted for,

and Dr. Davenport believes that in these cases one of the ova

after fertilization fails to develop normally for some reason.

In many cases this may be due to the fact that the sper-

matazoon introduces some inherited traits that, when com-

bined with those of the ovum, have a lethal effect and prevent

development. This is a well-known phenomenon in lower

animals. About four-fifths of all the twins are the result of

the fertilization of two ova. In about one-fifth of all the

twin births, however, the two individuals are apparently

formed by twro buds from a single ovum. These are the so-

called identical twins and are always of the same sex, whereas

ordinary twins have an equal chance to be of the same sex or

of opposite sexes.—From Social Hygiene Bulletin, Sept., 1920.

STANDARDIZING STATE EUGENIC EFFORT

Since the rise of the science of eugenics many States have

taken measures in the direction of applying the results of

that science. There is need, however, of discovering standards

of State eugenic effort and applying these to the varying con-

ditions encountered in individual States.

A promising attempt along this line of standardization is

offered by Chester L. Carlisle, until recently director of the

Bureau of Analysis and Investigation in the Department of

Charities and Correction for the State of New York. Bulletin

No. 13, entitled "The Problem of the Mental Defective and

Delinquent," issued by this Bureau, outlines a comprehensive

program for the care and treatment of these classes of our
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population. His plan gives as chief objectives in this work:

"(1) The greatest good of the individual case; (2) the high-

est type of care, treatment and research, in order that latent

capacity may be developed; (3) the conservation of the social

possibilities of persons who otherwise would become economic

wastage; (4) the protection of society from undesirables."

That Dr. Carlisle approaches these problems from the bio-

logic and genetic side will be gathered from the following

citations: "If conduct is to be considered in a broad way
as the final resultant of mental actions carried out through

our physical agencies, then we begin to understand how an

individual showing anti-social trends as a result of inadequate

reactions to mental conflicts becomes delinquent. The forces

of heredity have been widened in their significance by the in-

vestigations of later years. We no longer think of the in-

heritance of similar characteristics as such, but rather that

the presence or absence of specific determiners in the germ-

plasm leads to the development of individuals destined to pro-

duce certain types of reaction in symptom-behavior. Through

the inter-relationship of all these heritable factors which enter

into the personality make-up of any unit of any certain

family, one sees how by changing the number and value of the

determiners, a certain family tree may show one or all of the

various types of mental defect or mental disorder, either in the

sense of quantitative intelligence defect, affective imbalance,

epilepsy, or the more pronounced make-up deviations expressed

as a constitutional type of psychosis, or in delinquence of de-

pendency (inadequate economic reactions)." Concerning the

duty of the State toward those whose ability is below the

average, he says : "In a sense the State is not particularly in-

terested in the individual, even though he may seem mentally

deficient, provided his affective reactions are stable and his

conduct represents constructive economic efficiency, even

though in a humble manner. So long as he does not, through

conspicuously bad mating, increase the virulence of his strain

in the body politic, and develops no other attitude definitely

anti-social, his mental defect is of academic interest only.

Such stable types of mild mental defectives are found doing

the humble work of the world and have a distinct value in the

social structure. Nevertheless, the State has a right to know,
and it is its duty to ascertain the exact number of all such

types as far as possible, in order that it may record their

whereabouts and curb the possibilities of their developing by
indiscriminate mating, geographical foci of mental defect.

To this end there is the pressing need of a system of State-

wide registration of defectives and delinquents."

THE REFRACTION OF LIGHT IN PLANT TISSUES
In the Bulletin of the Torry Botanical Club for June, 1920,

Mr. Forest B. H. Brown of Yale University publishes an im-

portant article on the refraction of light in plant tissues. In

the introduction to his article Mr. Brown points out that the

laws of refraction have an interest in microscopy, not merely
in connection with the definition of anatomical details, but also

in the determination of the chemical or physical qualities of
any part or product of the cell. Such laws are of universal ap-

plication, have the advantage of great precision, and serve to

differentiate many characters not readily brought out by
stains or chemical reagents. Furthermore, a knowledge of

the refractive properties of the various tissues is indispensable

if one is to obtain the clearest definition of tissue outlines

by aid of the microscope. Current methods, however, go little

further than listing the indices of refraction of media in which

tissues may be mounted, all of which have little significance in

anatomical work unless the index of refraction of the tissue

substances is also given. Inasmuch as many, if not most,

of the ultra-microscopic characters of cell membranes are to a

greater or less extent associated with the refractive powers of

these membranes, the laws of refraction have their special

application in the investigation of the physical or chemical

composition as well as in the anatomical characters of cell

membranes. Such laws, therefore, in their application to plant

tissues, come well within the scope of botanical research, and,

as such, open a wide field for investigation, particularly when

more than ordinary precision is required.

The methods by which it is possible to determine the refrac-

tion of an object (under the microscope) depend on the use

of mounting media of known refractive powers. With a gra-

dient series of such media, the index of refraction of an ob-

ject may be measured with accuracy to the second decimal

place.

To measure the refraction of an object microscopically a

gradient series of refractive liquids must first be prepared.

For plant tissues in the dry condition, a series of twenty

liquids differing from each other in refraction by about .005

and ranging from 1.499 to 1.598 was found generally satisfac-

tory. Either aqueous solutions or oils may be used in making

up such a series, both water and oil possessing certain advan-

tages over the alternative solvent.

A gradient series of refractive liquids may be prepared by
mixing a liquid of high refraction with one of low refraction.

In preparing tissues for the measurement of their refraction

the following schedule was adopted

:

1. Cut as many sections, 10-40 fi thick as there are refractive

liquids in the series, and wash in water for 10 minutes or

longer.

2. Transfer each section to a separate slide and cover with a

glass slip.

3. Dry for at least 15 minutes at 100°C. An electric oven

is useful for this purpose.

4. Remove the slides one at a time from the oven and mount
each section in a different refractive liquid of the series. The
samples of tissues are then ready for microscopic examination.

In summary of his results obtained by these methods Mr.

Brown says

:

The refractive index of the material of which any given

cell-membrane or cell-content is composed is fairly constant

with uniform conditions of temperature ; but during the growth

of a tissue the refraction of its constituent materials may
change enormously. Such changes in refraction are evidently

associated with corresponding changes in the chemical com-

position.

The indices of refraction of the various membranes and

other elements of which mature plant tissues are composed,

differ greatly from one another, and a given tissue complex

will rarely if ever have a single refractive index. A fair

average, however, would be about 1.53 or .01 above that of

Canada balsam.

Most tissues readily absorb water and other refractive

liquids, in differing amount according to the hygroscopic

qualities of the tissue. This causes the refraction of the

mass (tissue substance-imbibition liquid) to deviate corre-

spondingly from that of the tissue substance. The refractive

index of the membrane mass is highly sensitive to physical

changes of this kind.

The laws of refraction have their special application to the

investigation of both the anatomical characters and the phys-

ical and chemical properties of plant tissues.

With average sections, clearer definition is obtained when
the index of refraction of the medium is below, rather than

above, that of the tissue substance. A difference of at least .05

between tissue mass and the medium in which it is mounted is

desirable to obtain clear definition of small perforations and

similar minute details, and highly refractive media such as

styrax, tolu, and quinidine bring out such details with the

greatest possible clearness; in moderately thin sections, a

difference of .005 is sufficient for the definition of general out-

lines, and may give clearer definition for general features

than a greater difference in refraction.

In selecting a medium, to obtain a given difference in re-

fraction between it and the tissue mass, due allowance must be

made for the deviation in refraction brought about by the

imbibition of liquid by the tissue.
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WORK IN CONNECTION WITH LENGTH
MEASUREMENTS

The section devoted to linear measurements is engaged in a

greater variety of work than would ordinarily be supposed.

This is perhaps due to the fact that measurements of length

are used in practically every kind of work and form the

basis of many of the investigations necessary in order to es-

tablish other kinds of standards.

Two examples may serve to show the wide field covered by

this phase of the weights and measures work of the Bureau.

The size of the mesh is an important consideration in the use

of certain kinds of sieves, such as those used for determining

the fineness of Portland cement. Many of these are exam-

ined by the Bureau to determine whether the number of wires

per inch is accurate enough to come within the required

tolerance. Several methods for counting the number of

wires are in use, one being by means of an actual count of

the wires either viewed with the naked eye or through a

microscope.

In the case of sieves of very fine mesh, such direct counting

requires considerable time with a large chance for error.

The system in use in this case is a very simple and expeditious

one. In the case of a 200-mesh sieve, that is, one having 200

wires to the inch, a glass scale is used upon which are ruled

exactly 200 lines per inch of length. If this scale is placed

over the sieve and the latter illuminated from below, alternate"

light and dark bands will appear on the scale indicating the

number of wires over or under the required mesh possessed

by the sieve. These bands are produced by what is known

as picket fence interference. Of course, if the sieve has ex-

actly 200 wires to the inch, and if the scale were so placed that

each line corresponded to a wire, the light would readily pass

through, while with each line opposite a space, darkness would

be obtained. The direction in which these light and dark

bands move when the scale is moved is an indication of

whether the number of wires is over or under that required.

An entirely different line of work is that necessary in the

testing of steel and other kinds of tapes, such as ordinarily

used by surveyors and engineers in making field measurements.

For this work, what is known as the tape tunnel is provided.

This is a long, narrow room in which is placed the Bureau's

150-meter comparator and also a bench equipped with long

steel bars provided with platinum plugs at certain points to

give the graduations in feet and meters. The tapes to be

tested are stretched along this bench and compared directly

with the bars above mentioned.

The testing of baemacytometers for the Surgeon General's

office of the army is an important part of the length measure-

ment work. A great many of these are received each month

and are tested by the Bureau to determine whether they are

sufficiently accurate.

Upon consideration it will be seen that all these measure-

ments are really referred back to the fundamental length

standard in this country, that is, the meter bar kept in the

vault at the Bureau, since the working standards of the Bureau

are all based upon the national prototype meter and it is these

standards that are used in conducting the work described

above.

A NOVEL WAY FOR DETERMINING THE AMOUNT OF
WEAR OF AUTOMOBILE PARTS

The Motor Transport Corps of the Army has been conducting

a series of experiments to determine the aimount of wear oc-

curring in the gears and other moving parts of automobiles, and

has recently requested the assistance of the Bureau in

connection with this work. As the wear on some parts is very
slight, it is extremely hard to determine the amount which
has occurred over a comparatively short period of time. The
system adopted is a novel one and consists of weighing the

parts on the accurate balances of the Bureau before and after

the pre-detenmined length of service. A number of bearings

and gears have been accurately weighed and returned to the

Motor Transport Corps for assembling in the machine under-
going test. These will be later returned to the Bureau for

reweighing, the difference in weight representing, of course, the
loss of metal due to wear.

ENCOURAGEMENT OF RESEARCH WORK IN
ELECTRO-DEPOSITION

The art of electroplating is an extremely important one

as this process is used in a great many industries. Unfortu-

nately it has not received the scientific attention which its

importance warrants and it is only comparatively recently that

investigations in this subject have been undertaken. During the

month a member of the chemical staff of the Bureau attended

the semi-annual convention of the American Electro-Chemical

Society at which several papers dealing with electro-deposition

were read and discussed. An informal conference was likewise

held during the convention and arrangements made for the

assignment of one or more graduate students in Ohio State

University to research work in connection with electroplating.

This work will be carried out in cooperation with the Bureau
of Standards and it is believed that the making of other similar

arrangements should be encouraged in order to increase the

amount of research work in this field and to render the Bureau
available in some degree as a clearing house for information

on this important subject.

WORK IN CONNECTION WITH NATIONAL PLASTERING
CODE

In compliance with an insistent request from those inter-

ested in the plastering industry, the Bureau has undertaken

to write a National Plastering Code. It is intended that this

code shall contain specifications for all materials used in

wall plaster, with complete directions for their use. Results

of this work will eventually form the basis of a Bureau publi-

cation, which will be in such shape that it can be adopted

verbatim by municipal and State legislative bodies, in the

preparation of building codes.

The ground which it is proposed to cover has been divided

for convenience into the following chapters: 1. Introduction;

2. Preparation for masonry surfaces and specifications for

lath; 3. Specifications for plastering materials: 4. Directions

for the mixing and application of plaster ; 5. Properties of the

finished plaster; 6. Renovation and decoration; 7. Miscella-

neous: suspended ceilings, corner beads, etc.

To assist the Bureau in this work, there has been called

together a conference of representatives of the various in-

dustries involved. The personnel of this conference is such

as to give established authority to its findings, and is as

follows

:

materials' manufacturers

Portland Cement Association, J. E. Freeman, Chicago;

National Brick Manufacturers Association, W. W. Griffiss, Bal-

timore; Hollow Tile Building Association, C. C. Crockatt,

Chicago ; Associated Metal Lath Manufacturers, Wharton Clay,

Chicago; National Lumber Manufacturers' Association, D. L.

366
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Haigh, New York, and V. G. Marani, Chicago; National Lime
Association, L. H. Hart, Washington, and T. B. Shertzer, New
York; National Association of Sand and Gravel Producers,
E. G. Sutton, Indianapolis.

USEES

Contracting Plasterers International Association, J. ,T.

Earley, Washington; Operative Plasterers and Cement Finish-

ers International Association, J. M. Myles, Philadelphia ; Wood,
Wire and Metal Lathers International Union, W. J. McSorley,

Cleveland.

INDEPENDENT

National Board of Fire Underwriters, I. H. Woolson, New
York ; Supervising Architect, U. S. Treasury Department, J. W.
Ginder, Washington ; American Institute of Architects, E. M.
Donn, Jr., Washington, and D. K. Boyd, Philadelphia.

BUREAU OF STANDARDS

Cement and Concrete, J. C. Pearson ; Fire Resistance, W. A.

Hull ; Acoustics, E. A. Eckhardt ; Lime and Gypsum, W. E.

Emley, Chairman.

This conference was organized in January, 1920, and work
has been steadily conducted by mail since that time. The
first meeting, held at the Bureau on September 14, was called

for a final discussion and criticism of Chapters 1 and 2, which

had previously been prepared and criticised by mail. Eleven

members were present, and six more offered carefully pre-

pared written communications. After a 12-hour session all of

Chapter 1 and about three-fourths of Chapter 2 were adopted.

There will probably be another meeting of the conference

in December, when sufficient additional material will be ready

for attention.

cross-section of this core of the fused material gradually in-
creases to the end of the run. A run in one small furnace
takes about 30 minutes and a fused core of about 15 to 20
pounds of pure magnesium oxide is produced.

BEARING METALS
Experimental work on determining the compression and

hardness values of white metal bearing alloys at temperatures

up to 100° C. has been completed. A paper has been prepared

entitled "Some Properties of White Metal Bearing Alloys at

Elevated Temperatures," a summary of which is as follows:

An apparatus is described for determining the yield point

and ultimate strength of white metal bearing alloys at tem-

peratures up to 100° C. A new design of heating apparatus is

described for determining the Brinell hardness of such metals

in the range of temperatures indicated above. The results of

compression tests and Brinell hardness tests at temperatures

up to 100°C. are given for five typical white metal bearing

alloys, including three tin base alloys, one lead base alloy,

and one intermediate alloy. These tests showed that the tin

base alloys maintain their properties better at elevated tem-

peratures than those containing lead. Results of tests are

given which indicate that up to 3 per cent the lead in a high

grade babbitt does not affect the yield point or ultimate

strength at 25°C. or 75°C. Tests are described which show
that the yield point of tin base alloy is not affected by heat-

ing for six weeks at about 100° C. but that the yield point is

lowered in the lead base alloy by heating for only two Weeks
at this temperature.

PREPARATION OF MAGNESIUM OXIDE
A very satisfactory and economical change has been made

in the process of preparing magnesium oxide from epsom salts.

The method used commercially to produce magnesia has been

successfully applied to the calcination of small charges. The
magnesium oxide, practically free from sulphur, is electrically

calcined, in large part actually fused in an electric resistance

furnace similar to those used for the production of carborun-

dum, that is, the magnesium oxide is packed about a small

carbon rod between two large carbon electrodes set in the

end of a box-like concrete shell lined with zircite. The electric

current first heats the small carbon rod to a temperature which

fuses the magnesium oxide with which it is surrounded. This

fused magnesium oxide then has greater conductivity and the

FRITS FOR WHITE WARE GLAZES
In this country white ware glazes are made with the use

of a considerable amount of fritted material of which boric
acid, feldspar, and whiting are the most important constituents.
For the most part these frits are made by the crude and ex-
pensive method of firing the saggers in pottery kilns, while
in a few plants they are melted in special frit kilns. A
special investigation has been undertaken of various mixtures
of feldspar, boric acid; and whiting to determine the most
satisfactory mixture of these materials for use in white ware
frits and also to discover the most economical and efficient

method of their manufacture.

FISH SCALING OF GROUND COAT ENAMELS
The study of the cause and control of fish scaling of enamels

has been continued, by the preparation of two series with a
total of 14 enamels, in one series the feldspar being high,
while in the other the quartz is high. In each series the
fluxes are varied in a systematic manner. The results ob-
tained thus far agree with those for gray ware enamels, that is,

the constituents which tend to promote or retard fish scaling
have the saime results in the two types of enamels. Furthermore
it was found that there was little tendency to fish scale in three-
coat enamels applied to low copper steels which agrees with
the results obtained with one-coat enamels. The determina-
tions of the thermal expansion of various types of enamels
used for coating sheet steel is being continued.

THE WATERPROOFING OF STONE
In certain sections where the weather, particularly in the

winter, is severe, the waterproofing of stone work is of con-
siderable importance.

. This is particularly true in the case
of monuments and similar structures. As the result of several
requests, the Bureau has undertaken a complete investigation
of the subject to determine what type of compounds is best
adapted to the purpose. Such material should, of course, be
colorless and should have no harmful effect upon the surface
to which it is applied. Several samples of limestone have
been treated with various proprietary compounds and one
sample of sandstone has been treated by a paraffin process. It
is hoped that some results will be available in the near future.

STUCCO WEATHERING TESTS
Some further experiments on the durability of stucco under

actual weathering conditions have been made during the past

month through the cooperation of one of the large producers

of magnesite stucco. The east pent house of one of the

Bureau's buildings has been coated with two coat work, the

work of actually applying the coating being done by an expert

sent to Washington by the producer. This should give an

ideal condition for testing the durability of magnesite stucco.

The base used was a hard, burned, scored Dennison tile set in

a 1 :3 Portland cement mortar, using about 20 per cent hy-

drated lime with this to make it easy working. In applying

the coats, a chloride solution of 21 Baume was used. First,

the walls were thoroughly saturated with the solution, then

the first coat applied about one-half inch thick. This was
heavily scratched with a special trowel and allowed to set

about 24 hours. This was followed by the second coat which
was applied with the same thickness and immediately covered

by dashing Crown Point feldspar screenings upon it. During
the tests a sample of magnesite and chloride was taken for

each batch mixed, and contraction and expansion plugs set in

various parts of the wall. It is planned to have physical tests

made in the laboratory in order that an intelligent study can

be made of the action of magnesite under weathering con-

ditions.



Progress in the Field of Applied Chemistry
Notes Culled from Current Technical Literature

By H. E. Howe, Member of American Chemical Society

RARE SUGARS
Sugar as the term is usually employed is connected almost

wholly with sucrose either derived from sugar cane or sugar

beets but there are a number of the rare sugars unknown to

the average consumer but highly important to scientific work.

Until comparatively recently these rare sugars have been im-

ported but at the present time several American manufacturers

are prepared to supply the requirements of scientists, particu-

larly for the detection of certain bacteria. It will be obvious

that sugars for these purposes must be of the utmost purity,

for the presence of even traces of other kinds of sugar would

render them unsatisfactory for the precise use for which they

are intended. Their preparation also involves treating large

quantities of raw material to make a little refined product.

We complain of the current price of sucrose but dulcitol is

a rare sugar for which $375 a pound is asked ; manose which

is made from the waste of ivory nuts used in button making
brings $140 a pound; and xylose made from corn cobs, $120 a

pound. Aribinose brings $100 a pound, levulose $80 a pound,

and raffinose which sometimes occurs in the manufacture of

sugar from beets only $75 a pound. To be sure, these rare

sugars are customarily sold in ounce lots.

Another sugar of historical interest is mannite which is

prepared from the nutritive gum, manna, familiar in Biblical

history. Inulin is prepared from dahlia bulbs.

One of the sugars is of great value in the detection of

typhoid. The bacillus thrives upon it as upon no other food

stuffs and when present it can, therefore, be readily detected.

Cholera is another disease, the germs of which can best be

detected by the employment of these rare sugars. The interest-

ing story of how American manufacturers may produce these

costly sweets has been set forth in one of the bulletins of the

American Chemical Society News Service.

NOVEL REPAIR PROCESS
The following note is quoted from a recent issue of Chem-

ical and Metallurgical Engineering :

"Among the novel repair processes developed by the war is

the electrolytic deposition of a thin layer of iron up to one-

twelfth of an inch thickness on any simple cylindrical surface

of wrought iron or mild or cast steel. Describing the method

to the British Institution of Automobile Engineers, B. H.

Thomas states that the iron is deposited directly on the sur-

face without any intermediate film of copper, and can be

heated to redness without apparent deterioration, can be car-

bonized or hardened in the ordinary way, can be filed and

ground, and takes a high polish. The work being properly

done, the adhesion was so strong that the film could not be

chipped away from the metal beneath with hammer and chisel.

In a heavy repair shop the motor vehicle parts reclaimed in

this way included stub axle arms, steering swivel pins, brake

and clutch shaft ends, change speed lever shafts, inside of

wheel hubs, outside of axles, tubes and universal joint pins.

The wearing qualities of the deposit on a high-speed journal

do not appear to have been determined. So far the process

cannot be used for cast iron or aluminum and its value would

be much increased if it could give an adherent coating to such

parts as worn gear boxes and ball-race housings."

THE ODOROUS CONSTITUENTS OP APPLES

The Journal of the American Chemical Society publishes the

work of F. B. Power and V. K. Chestnut on odorous constitu-

ents of apples and the emanation of acetaldehyde from ripe

fruit, this being the first definite record with respect to these

subjects although a preparation known as "apple oil" consist-

ing entirely of artificial products, has long been in use.

The work has been done at the Bureau of Chemistry, De-

partment of Agriculture, and these facts are determined

:

"1. The odorous constituents of apples consist essentially

of the amyl esters of formic, acetic, and caproic acids, to-

gether with a small amount of the caprylic ester and a con-

siderable proportion of acetaldehyde.

"2. Acetaldehyde is a product of the vital activity of the

fruit, and occurs in the exhalation from ripe apples.

"3. In addition to the substances mentioned in paragraph 1,

the aqueous distillate from fresh apple parings contains ex-

ceedingly small amounts of methyl and ethyl alcohols as well

as a little furfurol. As the last-mentioned compound is only

produced during the process of distillation, it does not repre-

sent an odorous constituent of the fruit.

"4. The essential oil from apples is at ordinary temperatures

a yellowish, somewhat viscid liquid, which becomes darker on

keeping. When slightly cooled, it forms a concrete mass, due
to the separation of small acicular crystals which consist of a

paraffin hydrocarbon. It possesses in a high degree the

characteristic fragrant odor of fresh apples. Besides the esters

mentioned, it contains small amounts of acetaldehyde and
furfurol. The yield of oil from the parings of Ben Davis
apple was 0.0035 per cent, and that from the more odorous
crab-apple 0.0043 per cent, representing 0.0007 and 0.0013 per

cent, respectively, of the entire fruit.

"5. Although in chemical literature amyl valerate is gener-

ally designated as "apple oil," it is quite certain that this

compound has never been found in the apple, and in the

recent investigation no evidence could be obtained of its

presence. On the other hand, the characteristic, fragrant odor

of ripe apples has now been shown to be due to a combination

of the substances enumerated above. These substances may
exist in varying proportions in the numerous varieties of the

fruit, thus causing slight differences in odor."

COLD VULCANIZATION
In the Chemical Age (New York) August, 1920, is to be

found a discussion of the new process for cold vulcanization

devised toy S. J. Peachey, a lecturer in chemistry at the Man-
chester College of Technology. The new process depends upon

the alternative exposure . of the rubber to the action of two

gases, sulphur-dioxide and hydrogensulphide. It is claimed

that more rapid and complete vulcanization is obtained even

at ordinary temperatures and the following results are given

to support the claim that the processes are of fundamental

importance

:

Though sulphur vulcanization as distinguished from sulphur

chloride treatment there yields a product comparable to that

obtained by the Goodyear process. It eliminates the use of

heat and also to a great extent mechanical pressure. The gases

employed are easily produced at low cost on a large scale.

The reaction proceeds rapidly and the manufacturers are en-

abled to employ organic filling agents which cannot be used in

connection with hot processes, these including shoddy waste,

saw dust, waste leather, etc. These materials are inexpensive

and durable and by this process of vulcanization can be em-

ployed as floor and wall coverings and certain types of up-

holstery work and as parts of footwear. It is also said that

different pigments and dye stuffs which are usually destroyed

by the hot process can be used to obtain desirable delicate

tints and shades heretofore unobtainable.

It is thought that the process can be extended to the vulcani-

:?()*
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zation of rubber in solution producing a stiff jelly in a few
moments from which the rubber solvent could be driven off

by evaporation leaving a fully vulcanized rubber. The use of

the mixed solutions for producing perfectly vulcanized seams
has already proved satisfactory in practice, inner tubes being

repaired in a few moments. It has also been found that with

the solution process, leather soles and heels may be attached

without stitching or nailing and as a matter of fact, a shoe

might be produced from reformed leather without any stitching

whatever. Several pairs of shoes have been soled with the

reformed process and practical tests of several months indi-

cate that the resulting material is more durable than ordinary

leather.

The process should lead to many other applications and while

much of the work is still in the laboratory stage, the process

itself is so simple that no difficulty should be experienced in

taking it from a laboratory to a full commercial stage.

It might be added that the Goodyear process consists in in-

corporating sulphur and rubber and heating for a period of

time, usually two to three hours at a temperature of about

140°C. This time has been reduced to some thirty minutes by

recent researches involving so-called organic accelerators.

The Hancock process consists in immersing sheets or formed

articles of raw rubber in a bath of sulphur at a temperature of

135° to 140°C. and the Parkes method depends upon the im-

mersion of thin sheets or films of rubber in a cold dilute

solution of sulphur-chloride in carbon-bisulphide.

THE DIFFUSING POWER OF PIGMENTS
In the September issue of the Journal of Industrial and

Engineering Chemistry, W. K. Lewis and F. P. Baker report

the results of researches on the diffusing power of pigments,

the work having been undertaken in an effort to devise a

method for determining the covering powers of pigments.

The methods ordinarily employed have been unsatisfactory

because most of them give relative values only and, besides,

require complicated apparatus involving difficult technique.

The new method does not measure covering power directly but

it does give results which can be expressed in absolute figures

and it has been shown that duplicate determinations by differ-

ent observers in different observatories give comparable fig-

ures. The diffusing power as measured is the most satisfac-

tory numerical expression of fineness for a given pigment, and

as such is of direct value to the rubber trade.

In the present method the filament of an incandescent lamp
is observed through a suspension of a finely divided solid in

a suitable fluid, and light passing through such a suspension

is so diffused as to produce a ground glass effect. The dif-

fusion increases greatly with the number of particles and is

probably proportionate to the total number of particles inde-

pendent of their size. This diffusion then is the basic princi-

ple of the proposed method and is that employed in any
turbidimeter where an object is observed throxigh a suspension

and the thickness of the suspension just required to blur the

object is measured.

The phenomenon is not one of light absorption and it has

been determined that the disappearance of the filament is de-

termined by the amount of pigment per unit area of cross sec-

tion of the cylinder, and is not influenced by the position of

the pigment particles in the dilution. It is the weight of pig-

ment in grams required for each square centimeter of section

which is measured and results are reported as the reciprocal

of this quantity, that is, the square centimeters of surface

which one gram of pigment is capable of covering.

The diffusing power is not to be confused with covering

power. The covering power of pigments is unquestionably in-

fluenced by their capacity to absorb light but the diffusing

power is a direct measure of fineness.

The method has the advantage of allowing the determina-

tion of diffusing power notwithstanding the color of the pig-

ment which is a considerable difficulty when covering power
is to be found according to usual methods.

The tables which accompany the article indicate that in the
case of carbon black the diffusing power increases with the

time of grinding and also that results are independent of the
concentration of the pigment, in the diffusing liquid. This
also is shown by a series of observations with white lead in

linseed oil without grinding. A third table gives the diffusing

power of various pigments ground in linseed oil working with
the more important ones as ordinarily found in commerce.
These figures expressing square centimeters of surface which
one gram of pigment is capable of covering are as follows:

White lead 260
Carbon black 2,200

Lamp black 1,830

Red oxide 348
Red lead 137
Zinc oxide 560
Whiting 295
Barytes 170
Lithopone 560

HEAT PENETRATION IN PROCESSING CANNED FOODS
The above is the subject of a complete bulletin just issued

by the research laboratories of the National Canners' Associa-

tion, Washington, and reports the results of certain researches

which have to do with heat penetration studies. Since the

processing of canned foods has for its object the destruction

of all minute forms which could cause a spoilation of the

food, the importance of these studies is immediately apparent.

It is the general practice to place the filled can of food in a
sterilizer and raise its temperature by means of hot water or

steam, the heat entering the container from all directions so

that the temperature of the center of the can must be taken
as the basis of any study. The determination of the most
satisfactory methods for treating a given food material in the

various sizes of cans hinges then upon the temperature of

the center of the can during the processing and a knowledge
of the length of time required to destroy all the spores of the

most persistent organisms which may be present. As pointed

out in the bulletin other studies are in progress designed to

learn the temperature at which the most resistant bacteria

are destroyed as well as the length of time necessary to

destroy them at various temperatures in the case of different

foods and this information will be the subject of a bulletin

to be issued in the near future.

Of course this is not the first study having to do with the

penetration of heat in canned food but it is perhaps the most
scientific investigation in which new apparatus has been de-

veloped, and specifications for its construction are given in the

publication. By its use it is possible to ascertain temperature

at the center of a can being processed under ordinary com-
mercial conditions and the provision of such an apparatus
was one of the essentials to the success of the studies reported.

The report discusses the apparatus and method, the experi-

mental rotating cooker employed in the work, the method
of heat transfer, minimum heat penetration, and gives in

some detail the form of typical heat penetration curves; the

influence of the cooling operation on sterilization is discussed,

the processing in dry steam and under water, the temperature

reached at different parts of the retort, the influence of rota-

tion and observations upon a considerable number of individual

products. These curves indicate the length of time required

for penetration of heat to a given temperature both as re-

gards the material itself and the liquor surrounding it in the

cans.

The bulletin concludes with an interpretation of heat pene-

tration curves in terms of process time and points out very

clearly a number of fundamental principles. While the bulle-

tin is of first interest to those engaged in preservation of

food by canned methods and in scientific studies on this im-

portant subject, it will also be found of rather wide interest

and certainly demonstrates the fact that proper preservation
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of food is more than a simple process and that it depends

ultimately upon proper recognition of the scientific principles

and their application to the work in its stages of development.

COLLOID CHEMISTRY AND ITS GENERAL AND
INDUSTRIAL APPLICATIONS

This is the subject of a report made by the Department of

Scientific and Industrial Research of Great Britain at the

request of the British Association for the Advancement of

Science. The department has previously published two other

interesting reports and a third continues the discussion under

ten headings. These are colloid chemistry of soap, ultramicro-

scopy, solubility of gases in colloid solutions, electric charging

on colloids, inhibition of gels, industrial applications, and

eight headings relative to colloid problems in industry. These

discuss bread-making, two phases of phonographical applica-

tion, cellulose esters, petroleum, asphalt, varnishes, paints and

pigments, and clays and clay productions.

Under the section on colloid problems in bread-making we
find statements which are interesting in view of the establish-

ment last year of the American Institute of Baking which

proposes to study the fundamental laws and principles under-

lying bread-making. "There is no manufacturer less aware of

the chemical problems underlying his trade than the master

baker. In spite of his ignorance, however, he is one of the

most efficient members of society in that he produces an ex-

cellent article with great regularity. This is perhaps less

a matter of wonder when it is realized that the art of bread

making of a high order can be traced through the Chinese to

about 2,000 years B. C. and is of course older than that.

Such scientific work as has been done in or for the bakery

has usually been undertaken from some specific material object.

There is comparatively little published work available to show
that the problems have been tackled for a scientific purpose, or

for improvement of the process. . . . Briefly put, bread is made
from flour, yeast, water and salt with occasionally milk, fat,

malt extract, yeast salts, wheat germ, aerating chemicals, etc.,

according to the quality of bread required. With the additions

of any new ingredient to the first four mentioned, fresh compli-

cations in the chemical changes during bread making are

introduced. Added to these must be considered the changes

involved during fermentation and baking and one of the

largest problems of all during the change from freshness to

staleness." This part of the publication continues with a

discussion of the different components presenting the changes

which take place and the reactions- which are important to-

gether with the deductions which can be made by the appli-

cation of the principles of colloid chemistry. Similarly the

other subjects listed are discussed at length so that the report

assumes something of the character of a highly valuable text.

fuel, as a fertilizer, and miscellaneous applications as in the
leather industry where dressings and shoe blacking consume a
certain quantity. In animal feeds, molasses is used to supply
carbohydrate and to impart an attractive taste. It is usually
absorbed on some such material as peat, bran, beet pulp,

alfalfa, sphagnum moss and various kinds of metal.

MOLASSES
Molasses has become of more and more interest to the

chemist as new ways for its use and the use of its own prod-

ucts have been devised. It is probably the most important

by-product of the sugar industry and forms the subject of

a bibliography compiled by C. J. West and published by

Arthur D. Little, Inc. The average composition of cane

molasses is given as water 20%, sucrose 30%, invert sugar

32%, ash 6%, organic non-sugars 12%.

Molasses is the final mother syrup obtained in the crys-

tallization of sugar and carries all the soluble impurities of the

original juice which are not removed in the process of purifi-

cation. The sugar present is that which refuses to crystallize

out in the presence of the impurities and from 15 to 25 per

cent of the sugar present in the original juice is usually to

be found in the final molasses. In addition to some 36 pages

of bibliography divided under six general headings, the bibli-

ography discusses briefly six important uses of the molasses.

These include the recovery of sugar, the production of alcohol

which runs into millions of gallons annually, its use as a

food both for human and animal consumption, its use as a

ASSOCIATION OF WOOD-USING INDUSTRIES
A great deal has been said and written concerning the

conservation of forest resources and the present year has
seen the formation of an association of wood-using industries

which has been formed for the purpose of bringing about a
certain measure of forest conservation through the better uti-

lization of forest products. Mr. O. M. Butler, speaking before
the association at its initial meeting, September 28th, states

"stripped of ramifying and controversial details the forest

problem comes down to the matter of providing timber to

meet the forthcoming requirements of the wood-using indus-

tries of the country. There are two main lines along which
that purpose is to be met. One is by protecting remaining
forests and forest lands from fire and other natural destroying

agencies and by bringing back to timber production cut-over

forest land suitable chiefly for timber production. The other
is by the conservation of the merchantable timber now stand-
ing by better utilization of the material cut or, expressed a
different way, the curtailment of the annual drain upon the

forests by more complete and scientific use of the trees cut."

It is with the second phase of the subject that the new
association proposes to be active. Some years ago it was
pointed out that little more than one-third of the original tree

reached the market and in many localities this figure remains
correct today. As Mr. Butler points out, "It is easier to make
one tree which you have in hand do the work of two than to

raise two trees of which the seed is not yet planted."

Not only do we consume far more lumber per capita than
any other nation, our annual requirements at present being ap-

proximately forty billion board feet but we also require our
forests to produce one hundred and twenty million ties for

steam and electric railroads and some four million cords of

wood for the production of paper pulp in addition to two
million cords for pulp by the ground wood process. The best

utilization by chemical process by which the four million cords

are treated is about 45 per cent of the wood substance, thus
leaving 55 per cent of the original weight of the wood to be

lost in the waste liquors. This then is the equivalent of

more than two million cords of wood annually, not to mention

the loss due to improper methods of storing pulp wood.

Without forgetting the importance of forest production it

would seem that the field in which the new association intends

to work offers opportunities for immediate results involving

research important not only to those organizations and indus-

tries which use wood as such but also to a considerable num-
ber of activities which depend upon wood as a raw material

for their chemical processes. This includes besides pulp and
paper, the preparation of tanning materials, the various woof1

distillation processes, the natural dye stuffs, etc.

A SUGAR SUBSTITUTE
In times past it was the custom to dust marshmallows with

powdered sugar after they had come from the starch molds and

were ready to be packed for shipment. This has proved to be

an almost impossible practice of late and a substitute has ap-

peared which seems to give satisfaction and being composed

largely of materials of food value is in no way objectionable.

A recent bulletin of the Biscuit and Cracker Manufacturers

Association Technical Bureau indicates that the analysis of

these dusting materials shows them to be composed princi-

pally of starch, dextrine, and reducing sugars. Thus there

is starch, 30.1; reducing sugars, 12.8; dextrine, 45.4; gums,

3.4; water, 5.6; fat fiber and lactic acid, 1.23. The material

is very sweet, is white in color, and costs in the neighborhood

of 8 cents per pound.



Progress in the Field of Electricity

Summaries and Excerpts from Current Periodicals

By A. Slobod

ELECTRIC PLOWING

In France considerable attention has been paid to the de-

velopment of electric plowing. A cooperative society was
formed in the Meux region and is supported by the Omnium
Francais d'Electricite. A subsidy of 60,000 fr. was obtained

from the Credit Agricolg, while the Ministry of Agriculture

will advance 50 per cent to groups of seven or more for

electric plowing equipment. Steam plowing costs 127.5 fr. per

hectare, tractor plowing, 115 to 144 fr. per hectare and is

limited to depths of 20 to 25 cm., while electric plowing

costs only 110 fr. The energy consumption per hectare is

90 to 100 kw-hr. for deep plowing, 45 to 47 kw-hr. for

medium plowing and 35 kw-hr. for shallow plowing. The
equipment used by the Society General e Agricole' consists of

two 90 kva. transformer trucks with special collecting gear,

for 15,000/750 volts, three phase ; two heavy windlass trucks

with petrol engines for propulsion ; two balance plows ; and of

material for erecting a short high tension temporary line to

serve remote areas. The windlass trucks which also serve

as tractors for the rest of the equipment have specially large

and broad wheels. The windlass motors are of slip-ring induc-

tion type developing 80 hp. at 960 r.p.m. and capable of carry-

ing 100 per cent overload momentarily and 50 per cent for five

minutes. The petrol engine can be used in emergency to

drive the windlass. A change speed gear is provided allowing

four different speeds. About 4 hectares per day can be

plowed with the present equipment. New windlasses will be

provided with 120-hp. motors. A recent report discloses that

1,600 electric plowing equipments have been installed in

Germany since the war.

—

Reinie Generate de VElectricity,

Feb. 22, 1919. Condensed in Electrical Review, Chicago, June

14, 1919. This subject is further dealt with in detail by H.

Gu^deney in Bulletin de la 8001616 Franc. Elect, for February,

1920, Vol. 10, pp. 57-78, and abstracted in Science Abstracts.

After giving the figures of the effort demanded according to

the depth of plowing and the character of the soil, the author

states that the smaller class of plant—30-50 hp.—is the more
generally useful and that the whole of the plant should be

so constructed that it can meet the sudden shocks or peaks

continually occurring. Robustness and simplicity are impor-

tant as skilled labor cannot be employed. Lightness is desira-

ble and so the soil should not be compressed. The price

should be such that the plant is within the means of three or

four small farmers acting in combination.

The Howard system is described in detail. This comprises

a lorry equipped with an electric motor driving a winch with

a simple form of control, together with two anchoring trucks

fitted with a grooved wheel for changing the direction of the

steel cable attached to the plow. These trucks are made
to move into the required new position by the pull of the

traction cable. The wheels are provided with disks which
project sufficiently into the soil to anchor the truck. The
equipment is completed by two fixed pulleys at the corners

of the field. A high tension line with portable transformers

can be used if desired. A square of nine hectares can be
plowed with one setting of the plant.

Some actual figures are given and also calculated costs of

which the following is a summary

:

First cost of plant, 100,000 fr., including 500 meters of

portable line.

Capacity, 2.5 hectares (5.5 acres) per day.

Consumption of energy, 90 kw-hr. per hectare.

Working cost per hectare (depth, 30 cm.) ; current (40 cen-

times per kw-hr. ) , labor, etc., 47.70 fr. ; transport of plant,

6.25 fr. ; depreciation (7.4 per cent) and interest (6.5 per cent),

46.33 fr. ; repairs, 11.70 fr.—total, 111.98 fr.

The corresponding figures are 302.5 fr. for horses and 288.85

fr. for oxen.

THE ELECTRICAL INDUSTRY OF SPAIN
The beginning of the Spanish electrical industry dates hack

to the eighties of the last century when most of the under-

takings were controlled by German capital ; the A. E. G.

and the Schuckert were particularly successful and were

awarded <most of the contracts for construction and equip-

ment. It was the period of direct current generated by

steam. The Southerner's love for comfort and fancy lighting

effects led to the rapid development of the power plant.

Toward the middle of the nineties there began also to appear

a considerable demand for industrial power ; this prompted
the extensive utilization of the numerous waterfalls. The
hydraulic plants were of primitive nature as low cost of in-

stallation was then the first consideration; They were built

for the twonphase or the threejphase system ; 5,000 volt

pressure was used. They had very poor regulation and gave

quite unsatisfactory service. However, as gas companies

existed only in the largest cities, most of the Spaniards ex-

changed their tallow candles direct for electric light and,

therefore, they were not used to standard conditions of oper-

ation.

The second period of development dates from the beginning

of the twentieth century when the native capitalist realized

at last the importance of the hydroelectric power and readily

financed all new undertakings. 15.000 and higher voltages

were adopted ; the earliest 60,000-volt installation of Europe
was in operation in Spain. The former steam power plants of

the principal cities began to lose their importance; they were
now needed mostly in case of disturbances which cannot be

avoided on high voltage transmission lines.

Three distinct regions of energy consumption could be ob-

served by that time : ( 1 ) Madrid, the capital of the country,

having no important industries and consuming electricity

mainly for lighting purposes. (2) Barcelona, the main center

of business and industry and the largest seaport of the coun-

try, with Catalonia in the background with its dense popula-

tion and big industries. (3) Bilbao, the center of a rich iron

ore region. Consequently all the power plants have their lines

laid out toward these centers.

About 1910 a new phase of the development of the electrical

industry was initiated. It was characterized by the efforts

made to consolidate the organization of the new undertak-

ings as well as of the existing plants from the technical as

well as from the financial standpoint. A scheme for the in-

terconnection of all the important plants is being developed

;

higher transmission pressures—100,000 volts and over are

being planned so that the most distant waterfalls could be

utilized. New laws were recently passed which place water

power concessions on the basis of a public utility of high

value. A plan has further been contemplated to nationalize all

water power not previously worked so as to give the govern-

ment all rights to expropriation.

The nine leading electric power concerns are briefly de-

scribed. They are led by the Barcelona Traction Light and
Power Company of Toronto, Canada. There are also 58

smaller plants ranging in capacity from 9,000 to 800 horse-

power and 50 plants having capacities from 800 down to 300

horse-power. According to the statistics of 1917—the latest

available—the total utilized horse-power was 384,297, which

371
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at present must be about 500,000; about 200,000 additional

horse-power is used for direct mechanical energy. As the

total water power of Spain is estimated to be 5 million horse-

power it is seen that only 14 per cent of the total available

power has been utilized so far. However, all the large

power plants are planning further extensions, and the final

goal will evidently be the complete electrification of industry

and home.

The main three loads for all these plants are (1) the elec-

tric railroads, (2) the various industries, and (3) electric

lighting.

All the larger Spanish cities have electric railways; they

usually are efficiently operated. There are also a number of

suburban and interurban lines. The total length of the

entire street railway system of the country, including the

suburban lines, is about 700 km. and is rapidly increasing.

Since the fall of 1919 the Spanish capital, has its first subway.

It is called the "Metropolitane" or the "Metro," is 45 km.

in length and is operated by direct current of 550 volts pres-

sure taken from overhead lines by pantographs. A storage

battery provided for emergencies will supply the whole system

for one hour. The cars are of steel and have each two 175-

horse-power motors of American make. The trains are com-

posed of one car and one trailer and accommodate 200 passen-

gers. The subway runs now from the center of the city to

the north terminus, and work is going on to extend the line

from Puerta del Sol to the south terminus. There are also

about 65 km. of electric trunk lines and about 60 km. are in

process of construction. A general electrification of the

Spanish railroads will probably not be considered within the

next few years as there is yet no such passenger or freight

traffic as would repay the very expensive conversion of the

system.

Electric lighting is used freely but the electric system is

poor from the engineering and structural standpoints, and so

is the installation work, especially in regard to safety appli-

ances. However, it must be admitted that very few accidents

happen as a result of such installations ; this may be due

to the generally dry and warm climate. Metallic lamps are

generally used ; arc lamps are not much in use.

The electro-chemical and the electro-metallurgical industries

are growing rapidly. About 15 million tons of calcium carbide

is produced annually by fifteen plants. Two other factories

manufacture electrolytic chlorine and caustic soda. Consider-

able capital has been invested in plants for the production of

nitrogen fertilizer by the Norwegian process.

The manufacture of electrical apparatus reached considerable

dimensions even before the war. With Germany suddenly

eliminated as a source of electric apparatus and supplies,

Sweden and Switzerland were the only other sources available.

Neither England nor the United States were active competi-

tors. Their product is not quite up to the Spanish require-

ments, being of high quality and consequently too expensive.

As a result of all this the Spanish national electrical industry

has greatly developed since 1914, so that the domestic pro-

duction entirely satisfies the home market in many lines.

The following products might at present be imported by
Spain: Large electric generators and transformers; special

machinery for quarries, mines and crane installations ; electro-

chemical and electro-metallurgical equipment; high voltage

apparatus and switchboards ; measuring instruments and
meters ; also telephone, telegraph and electro-therapeutic appa-

ratus.—Blumenthal Elektrotechnische Zeitschrift, April 1, 1920,

mounted above a drawing of the space to be illuminated, and
the etched lines cast shadows making it possible to count the
number of space-degrees on the plane. From the photometric
distribution curve the flux in each zone is determined, and
the space-degrees in any zone on the plane have the same
flux as that from the corresponding zone of the lamp bulb
surface. The total flux incident on the surface will be the
sum of that contributed by each lamp. A modification of this

idea involves a cubical box having a blackened inner surface
and a removable bottom. For the latter is used any one of a
series of glass on which are photographed the projection of
the lines etched on the original bulb with suitable notations
which would differ with the lamp used. The notation gives
the flux per space-degree in each zone, the flux in the entire
zone; the area covered by each space-degree for the height
of the lamp, and the illumination in flux under each condition.

In order to predetermine the range of light house illumina-
tion a laboratory experiment has been devised (Comptes Ren-
dus de VAcadCmde des Sciences, October 6, 1919, p. 616) in

which a sieve is made up of a series of vertical metallic
plates pierced with holes in groups of four of small diameter,
rigorously calibrated and placed on parallel horizontal lines.

The sieve is placed before the mirror reflector, and the parallel
beams of light passing through the holes are received on a
screen, and those which would reach the horizon are readily
picked out. By turning the mirror the region active in this
direction may be determined. From a plot of the distribution
the range may be calculated.

In the photometry of lamps with reflectors where the inverse
square law does not apply, certain conventions have become
more or less standardized by practice. In the case of search-
lights using parabolic reflectors it has sometimes been as-
sumed that the inverse square law holds if measurements are
made from a point in space behind the mirror. Experiments
have been made which indicate that for distances greater than
a certain limiting value, the inverse square law can be applied
if the distance is measured from the mirror itself (Zeitschrift
fur Beleuctungswesen, April, 1919, p. 35). Allowances and
corrections must be made for atmospheric absorption and for
aberration.

Elektrotechnische Zeitschrift for January 8, 1920, p. 25,
describes a method for the graphical determination of the
illumination produced from the polar candle power curve of
the source. It is based upon conditions of proportionality of
similar triangles. Right-angled triangles and a compass are
the only tools needed, and the simplicity of the method is cited
in favor of its practicability. It may also be used to construct
the polar curve which will give a desired illumination curve.—
Report of the Committee of Progress, Illuminating Engineering
Society, October, 1920.

RECENT PROGRESS IN PHOTOMETRIC METHODS
A very novel method of computing the distribution of illu-

mination on the working plane has been devised in Germany
and described in Zeitschrift fur BeleucMungswesen, January
31, 1920. A concentrated filament, approximately a point

source, is mounted in a spherical bulb which has etched on
its surface meridians and parallels dividing it into one hundred
parts of equal areas (deka-space-degrees). The lamp is

A NEW ELECTRICAL PRECIPITATION TREATER
A contribution to the Journal of the A.I.E.E. for October,

1920, under the above heading gives the description and theory
of a new electrical precipitation treater with results of ex-
perimental tests in the Electrotechnical laboratory in Tokyo
as well as practical application in the factory at the Nikko
Copper Refining Works, Japan.

Since the Cottrell system of precipitating dust in gases was
first applied at the Selby Smelting and Lead Co. at San Fran-
cisco Bay about ten years ago, it has made remarkable
progress in its practical application in this country as well as
abroad. The extent of application of electrical precipitation in

Japan can be seen from the following:

Eight treaters have been built and are now in successful

operation, and a number of Japanese concerns are at present
actively considering the installation of electrical treaters.

In the modern precipitation treater the electrodes consist of

a metal cylinder as the passive electrode and a bare wire or

a metal chain, supported along the center of the cylinder, as

the active electrode. When such a treater is used for gases

of smelting furnaces or other corrosive gases such as are pro-
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duced in some electrochemical works, the electrodes are acted

upon by the corrosive precipitated particles with the result

that the life of the active electrode is unduly shorted and

that sparking often occurs between the electrodes which In

turn often causes damage to the transformer and in general

prevents the application of the system to combustible sub-

stances.

To overcome the obstacles enumerated, the authors of the

above-mentioned article (Motoji Shihushawa and Yasujiro

Niwa) have introduced important modifications in the mod-
ern precipitation treater, which have proved successful both

in the laboratory and in the factory. In the early type of

precipitation treater insulating pieces are sometimes attached

to the active electrode for the purpose of increasing brush

discharge and precipitation efficiency. On the other hand, the

fact that the air in the crevice of the power line insulator is

subjected to a much higher potential gradient than when the

insulating substance is absent lead the authors to the fol-

lowing conclusion : It is possible that the high potential

might ionize the air across the insulating medium, and that

therefore electrical precipitation might be possible with elec-

trodes entirely covered with insulating material such as

glass, etc.

An electric treater was therefore constructed on the same
principle as the standard modern treater, except that the

electrodes were entirely separated by dielectric substances,

such as glass, .porcelain, etc., and a series of successful experi-

ments were conducted in the Electrotechnical Laboratory.
' Most interesting, however, are the results of the practical

application of the authors' treater at the Nikko Copper Refinery

Works. In these works of the Furukawa Mining Co., Ltd.,

where approximately 50,000 tons of copper per annum are

electrically refined, an electrical precipitation plant was re-

cently installed. The function of this electrical treater is

to recover precious particles in the mixed gas from roasting

coupellation, reduction and reverberatory furnaces which are

used for the purpose of separating silver and gold from slimes

precipitated in electric baths. The treater consists of one

section of 32 pipes, arranged in a rectangle 8 by 4. These

pipes are 12.5 inches inside diameter by 16 feet long. The
active electrode is No. 14 steel wire stretched concentrically

from lattice work. The electrical outfit consists of a 10 kva.

200 to 100,000 volts transformer and a rotary arm type recti-

fier driven by a 1.5 hp., 200-volt, three-phase induction motor.

There are several taps in the low tension winding, which

together with a rheostat in the transformer primary circuit,

can be used to produce any desired voltage.

For the purpose of the test the active electrodes of the

treater were covered with soda glass tubes, the outer diameter

being % to % inch and the thickness 1/16 to % inch. Four
such tubes were required for each electrode. The tests were

conducted for a period of a little less than two months and the

following conclusions and results were arrived at

:

(1) With regard to vibration of active electrode and spark-

ing between electrodes. It is a well-known fact that the

periodical static force acts upon the electrodes of the treater,

causing vibration of the active electrode, which in turn is

the chief cause of sparking and consequently wasting of the

active electrode. These troubles were actually experienced at

the Nikko factory. But since the active electrodes were covered

with glass the vibration had entirely ceased and practically no
sparking occurred.

(2) The deposit of dust on the active electrode, which is

objectionable, is reduced to a minimum with the new treater.

(3) Current, input and precipitation efficiency. Careful

tests were made to obtain this data for a treater with bare
electrodes and for the same treater with the electrodes covered

with glass. A comparison of the results obtained shows that

the current and input are much reduced by covering the elec-

trodes with glass. The precipitation efficiency at voltages

below 50,000 is lower for glass-covered electrodes, but above

this critical voltage the efficiency is higher. With bare elec-

trodes operated at 50,000 volts the efficiency is 87 per cent and
the input 1.2 kw., whereas for glass-covered electrodes at

55,000 volts (increased by 10 per cent in voltage) the efficiency

is 94 per cent and the input 0.5 kw., which shows considerable

saving in power. Having established by actual practical results

the advantages of the treater with glass-covered electrodes, the

authors attempt to answer the question of how the current

passes through the glass. A very interesting theoretical dis-

cussion, as well as a series of experiments are given hearing
on the subjects of potential gradient, passage of current through

the glass, variation of resistivity of glass with potential gra-

dient, variation of resistivity of glass with temperature.

From these the following conclusions are drawn with regard

to the reason why so large a current is permitted to flow

through the glass as to enable electrical precipitation with

glass-covered electrodes

:

(1) Resistivity of glass decreases with temperature as well

as with potential gradient applied.

(2) Free changes appear on the surface of the glass placed

in the electric field, which causes in the dielectrics a potential

gradient much higher than that calculated by mere static

consideration.

(3) As the current necessary for the electrical precipitation

is very small, the above-mentioned two causes permit a sufficient

current to enable electrical precipitation.

COMMERCIAL APPLICATION OF ELECTRICAL OSMOSIS

The addition of a small amount of alk. to a suspension of

clay in water results in the suspension of clay particles in

water while pyrites, mica, free silica and other impurities

settle to the bottom. Fine particles which do not settle may
be removed by the osmotic process. Bodies which remain in

suspension and tend to move toward the cathode, require an

electrolyte of an acid character to bring about dispersion or

peptization, but bodies which tend to move to the anode

require an alk. electrolyte to cause dispersion. Osmosed
fireclays are entirely free from pyrites and goods made there-

from are not subject to green stains when glazed. By the use

of fine osmosed kaolin chemical porcelain has been produced

of the highest quality, the body being made of pure kaolin,

which, owing to the fineness of particles, completely vitrifies.

There is also a better locking of the glaze to the body by

fine sillimanite crystals, which form on firing and penetrate

the glaze. In clays themselves the extremely fine particles

could be separated from the coarser.

Another application is the electro-osmotic filter press. The
press consists of a series of chambers into which the suspen-

sion is fed under a head of ten feet, sufficient to insure a

rapid filling of the chambers. The chambers are closed on

both sides by filter cloths in the ordinary way, but the cloths

are held in position by perforated or grooved metal, carbon

or other conducting plates, one of these plates forming the

cathode and the other the anode. An electric pressure of 20

to 100 volts, depending upon the substance, is necessary. In

this press very fine material which would clog up the ordinary

filter press can be dewatered.

H. Jackson stated that by using a well-known clay for a

muffle he was able to get only 24 hours' service from same.

By treating this clay by osmosis he made muffles from which

he got 10 to 15 times the service. Ormandy stated that a

muffle made of osmosed clay lasted thirteen journeys whereas

the muffle made of the same clay not treated would never

last more than three journeys. With the finest English china

clay which had been treated with 87 tons of water in order

to wash three tons of clay, it was still possible to separate

7 per cent material from the clay.—J. S. Highfield, W. R.

Ormandy and Northall.

—

Pottery Gazette, Vol. 45, pp. 775-77

(1920) ; also Journal of the Royal Society of Arts, 1920.—Ab-

stract in Journal of the American Ceramic Society, August,

1920.
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LOW-PRESSURE STEAM CONTROL DEVICE
By J. W. Smith

In a mixed-pressure steam turbine and electric generator

installation placed in the power station of an English factory

there was no provision made for automatically cutting off the

last expansion stage of the turbine from the exhaust main
when the supply of exhaust steam failed.

When the air supply of the steam fell below the quantity

which could be passed by the low-pressure starting valve a

partial vacuum was induced in the exhaust main, which, in

this case, is about 400 yards long, with the inevitable result

that air was drawn in through some leaky joint or open drain

cork. The starting valve could be regulated by hand to pass

only the proper quantity of exhaust steam, but such a solu-

tion of the problem was troublesome and would mean that one
man's whole time would be occupied. Instead it was solved by
putting in an automatically operative controller.

First, there is a low-pressure receiver which diminishes the

fluctuations in pressure of the exhaust steam from steam-

FIG. l. DIAGRAM OP CONTROLLER USED ON A MIXED
PRESSURE STEAM TURBINE

driven machinery, such as steam hammers and non-condensing

steam pumps. After leaving the receiver (Fig. 1) the exhaust
steam enters the low-pressure chest through pipe C, then

passing downward through the starting valve and upward
through the emergency stop valve and the governor throttle

valve into the turbine.

The turbine steam chest is fitted here with an emergency

drip-stop valve A which closes upward and the spindle passes

vertically through the bottom governor. This valve is of a

piston type and is a duplicate of the governor throttle valve B
fitted immediately above it. As arranged by the makers it was
connected to its opening lever by a pair of short links C. These

links were replaced by some longer ones with a distance piece

riveted between their ends to form a flat surface D, and the

bottom holes of the new links were elongated to allow the

valve to be closed without raising the original operating lever.

Under this, against the wall of the condenser pit, was fitted

a lever about 4 feet 6 inches long. At about 3 inches from its

fulcrum a vertical rod was jointed which passed through a

suitable guide so that its end was just clear of the flat bottom

of the new valve links, when the new lever was at the bottom

of its travel. The end of the lever had to be raised about

twelve inches to close the valve, and suitable guides and stops

were provided to prevent all undue stresses. Owing to the

18 to 1 leverage provided, the effect of the friction of the

valve and spindle was negligible at the end of the lever. The
steam receiver E, the shell of an old Lancashire boiler, had a

syphon drain F connected to one end plate about 3 inches above
the bottom of the shell. In consequence of the position of this

drain there was always a quantity of water lying in the bottom
of the shell, the surface of which measured 3 feet by 20 feet.

At the other end of the steam receiver the old blow-off cock

fitting G at the bottom of the shell bad been blanked off. A
2%-inch cock was fitted to this blow-off cock branch one
week end, and, working back from that the following week,

we rigged up in a vertical position an old 7-foot length of 8-inch

cast iron pipe, and supported it from the floor by a length of

214-inch pipe with a blank flange at the bottom. This pipe

formed an excellent float chamber with sufficient head of

water to seal the maximum pressure permissible in the re-

ceiver. Owing to the wide ratio between the surface of the

water exposed to the steam on one leg of the submerged bend,

and the surface of the water exposed to atmospheric pressure

on the other leg of the submerged bend, about 60 feet square to

50 square inches, the rise of water in the float chamber was
almost 2.3 feet per pound pressure in the receiver. A galvan-

ized iron float was provided, 6 inches in diameter by 12 inches

deep, with a stretcher bar across its open top to enable it to

be suspended correctly. This was filled with water and con-

nected to the new lever by a flexible steel wire rope passing

over two guide pulleys. Sufficient weight was then added to

the lever to cause the float to be normally half submerged
when the lever was clear of both stops.

It was found in tests that the displacement of only 2

inches of water above or below the center of the float is

sufficient to operate the valve and that only % pound variation

of steam pressure is required to move the valve from "open"

to "shut," or vice versa. Moreover, it is also stated that the

device has been in constant use for eight years without any
repairs.—Paper read before the Gloucestershire Engineering

Society. Abstracted through Power House, Vol. 13, No. 19,

Oct. 5, 1920, pp. 437-439.

REGAN AUTOMATIC TRAIN CONTROL SYSTEM
This system, as installed on the Great Eastern Railway

where the Westinghouse brake is employed, consist's of a shoe

suspended from the center of the rear buffer pin of the engine,

an electro-pneumatic valve behind the steps on the right

side ; a relay box and release switch on the same side ; a bat-

tery box and a speed-control device on the right wheel of the

controlling nozzle. The equipment on the traek consists of

a ram 100 feet long with inclined ends fixed in the "four-foot"

at each signal and electrically connected thereto.

The speed control device consists of a centrifugal governor

mounted upon a base plate rigidly bolted to the end of the

trailing nozzle and accurately centered therewith.

The shoe mechanism consists of a shoe stem, a cylinder and

a circuit controller. The upper part of the stem is connected to

the brake pipe and, as the stem is hollow, it follows that should

the shoe be broken off the air would escape and the brake

would be automatically applied.

A demonstration of this system was given on the Great

Eastern Railway on September 30, 1920, when the speed con-

trol was set for 24 miles per hour and the train was stopped

from that speed in 225 feet.

In this connection there is an editorial in The Engineer

(pp. 355-356) in which automatic train control is advocated for

Great Britain and instances are cited of serious accidents

374
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which could have been prevented had such a control been

available. In fact, it is stated that the Ministry of Transport

has appointed a Department Committee to consider the whole

question.

In discussing the matters to be considered by this new com-

mittee the editorial points out as one having a very serious

aspect, the question whether or not the uniform system for the

whole of Great Britain should be determined upon. This is

particularly important as British locomotives do a considerable

amount of running over "foreign" tracks. There is also a

question as to what object automatic train control has

achieved ; this is, whether or not the driver should have an

indication of the state of the running signal which he is unable

to see, for example during fog or falling snow.

An interesting discussion is presented as to the conditions

which the track equipment should satisfy. The subject of

speed control is also not as simple as it looks, as, for example,

it is not easy to insure that a mixed traffic engine, just taken

off the freight train is properly adjusted for working an ex-

press passenger train and vice versa.

—

The Engineer, Vol. 130,

No. 3380, Oct. 8, 1920, p. 348.

GOVERNMENT TESTS OF WATER INDICATING DEVICES
For the purpose of determining, if possible, the general out-

line of the flow of water existing at the back head, wThen high

evaporation was taking place, tests were made on one of the

U. S. Railroad Administration standardized 2-10-2-type loco-

motives.

In these tests it was found that the way the top connection

to the water column is made affects very materially the gen-

eral outline assumed by the water on the back head. It also

appeared that under certain conditions dry steam was being

obtained both at the back knuckle and further ahead, which is

believed, however, to be partly due to the exceedingly good

water used in this test.

Further tests were made to determine the approximate out-

line and proportions of the water conditions existing at the

back boiler head, while the locomotive is being operated with

heavy throttle, or when steam is being rapidly generated and

simultaneously escaping from the boiler. These tests covered

the distance of 808 miles in bad water districts on approxi-

mately level track with a locomotive of the heavy 2-8-2-type

equipped with superheater and duplex stoker.

The tests appliances are shown in Fig. 2. The apparatus

consisting of four gage cocks applied directly in the back

head near the knuckle ; one water column to which three gage

cocks and one water glass were attached ; one water glass with

a 9-inch reading, standard application, with both top and bot-

tom cocks entering boiler back head direct; one water glass

applied for experimental purposes with a bottom cock entering

the boiler head on back knuckle and one entering 13-inch boiler

head on back knuckle and one entering 13 inches ahead of the

back knuckle, together with four exploration tubes or sliding

gage cocks. Fig. 2 shows a side elevation of these exploration

tubes.

Here it was found that while generally the same conditions

prevail as in other tests the outline of water reached a higher

elevation and greater proportions at the back head than in the

previous tests, which is due probably to the poor water used

here.

Tests were also made on a switching locomotive in which, in

addition to the usual apparatus, a glass tube was inserted in

the top of the wrapper sheet which permitted the use of an

electric light inside the boiler, clearly illuminating the steam

space over the crown sheets. Five bulleye sight glasses were

distributed so that the action of water in the back head could

be seen while under steam pressure, as shown in Fig. 3.

Both main rods were disconnected, cross heads blocked at

end of stroke and valve stems disconnected and so placed that

steam was discharged through the exhaust nozzle and stack,

creating a forced draft on the fire, representing as nearly

operating conditions as possible.

When the throttle was closed and no steam escaping from
the boiler, the surface of the water was approximately level,

with a distinct circulation noted from back to front and from
the sides toward the center of the crown sheet. When the
safety valves lifted, the water rose with fountain effect, around

FIG. 2. EXPLORATION TUBES USED AS WATER INDICAT-
ING DEVICES IN TESTS OP WATER CIRCULATION

' IN LOCOMOTIVES

the edges of the firebox, from 1 inch to 2 inches, and the circu-

lation was materially increased.

When the throttle was opened and steam was being gener-

ated and escaping from the boiler in greater volume, the level

of water throughout the boiler was seen to rise 1 inch to 1%
inches, which rise was registered by the water glass, and a
marked flow of water, with fountain effect, was observed rising

around the firebox at the back head and wrapper sheets,

reaching a height above that over the remaining portion of

the crown sheet of approximately 2 inches to 4 inches, in pro-

portion to the amount of steam being generated and simul-

taneously escaping from the boiler.

The important feature to be noted is that this height of

water, as seen at the back head, was approximately 4 inches

at its maximum, and was registered by the gage cocks, while

at the same time it could be seen that the water glass was
registering the level further ahead over the crown sheet.

Among the interesting features observed were the size of

the steam bubbles which were approximately % inch to % inch

in diameter, and the rapidity with which they were seen to

rise to the surface and explode. The size and number of these

steam bubbles, which were seen rapidly rising next to the back
head, explain one of the physical reasons for the increased

height of water around the crown sheet and the rapid circu-

lation attained.

These observations establish beyond question that when

Sight Qlasses

Glass Protection Tube
fbriight

PIG. 3. ARRANGEMENT OP LIGHTS AND OBSERVATION
GLASSES IN BOILER TO DETERMINE WATER CONDITIONS

steam is being generated and escaping there is an upward

movement of water at the back head of the locomotive boiler

which carries it above that further ahead over the crown

sheet, and that the gage cocks, when applied directly in the

boiler, register this rise of water and do not indicate the level

further ahead, while the water glass registers the level of
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water further ahead and not the fountain of water at the

back head.

Among the general observations made attention may be called

to the following : It is recognized that the volume of water
in the boiler increases in proportion to the amount of steam
being generated and in the same ratio that the steam bubbles

below the surface are formed and expanded, the volume of

which depends to a very considerable extent upon the purity

of the water in the boiler and its ability readily to release the

steam being generated, consequently increasing the height of

water in the same proportion, which height is registered by the

water glass.

Gage cocks secured directly in the boiler have been shown to

be incapable of correctly indicating the general water level

and an arrangement is described and illustrated in the report

which is claimed to be more correct and safe than the ordinary

methods.—Report of the Bureau of Locomotive Inspection of

the Interstate Commerce Commission. Abstracted through

Railway Mechanical Engineer, Vol. 94, No. 10, Oct., 1920, pp.

630-633. This is the second part of the report, the first part

having been given in the Railway Mechanical Engineer Sept.,

1920/

REPORT OF THE COMMITTEE OF THE PRIVY COUNCIL
FOR SCIENTIFIC AND INDUSTRIAL RESEARCH

FOR THE YEAR 1919-1920

From the report presented it would appear that a very

active program for research is being steadily pushed ahead in

England and that quite substantial funds are available for

this. In particular, it is pointed out that the British indus-

tries with an awakening interest in the value of research and

of scientific control of manufactures, are making such demands
on the available supply of research workers and offering such

salaries that the universities face the danger of losing their

teaching staff in the same manner as they did during the war.

Important grants have been made to students and inde-

pendent workers as well as to provide professors with research

assistants of scientific standing. No conditions are attached

to the grants made to workers whose sole aim is the exten-

sion of knowledge, either as to the line of their work or as

to the use of the results. The only condition is that if they

propose to make commercial use of their discoveries they must

consult the Committee for Scientific and Industrial Research,

because at this point they are leaving the field of pure investi-

gation. Otherwise, however, their tenure of the grant is per-

fectly free.

There are now eighteen research associations of various

character in England licensed by the committee and covering

many fields of industry, and five other associations have been

approved but have not received their licenses.

The Department of Research is committed to a total ex-

penditure of £450,000 on account of the established research

associations and has a further expenditure of at least £120,000

on account of those approved but not yet licensed. The total

commitments may, however, reach £800,000.

It is claimed that the industry fully realizes already the im-

portance of research though they have not yet quite come to

a full appreciation of its difficulty or its full worth. The best

proof that the value of research is realized is that large

funds for the endowment of research are being raised pri-

vately; for example, the cotton industry is hoping to raise

£250,000 for that purpose.

The report mentions more or less briefly the method of

organization of research and the subjects which occupy the

attention of the various boards and committees.

In this connection, it is of interest to note that the question

of fuel is considered to be a basic problem of the greatest

national importance. As regards the Committee of Research

it is in the hands of a fuel research board. There are numer-

ous other boards covering the vast field of investigation.

As a sample of the work of these committees may be men-

tioned the following quotation describing the Zirconium

Inquiry Committee:

It was frequently suggested during the war that zirconium-
containing steels of remarkable hardness had been produced
and were being employed by enemy countries in the production
of light armor for airplanes and tanks. In July, 1918, at the
request of the Ministry of Munitions, a Zirconium Inquiry
Committee was set up with the object of investigating the
preparation of ferro-zirconium and, from the latter, of zirco-

nium-containing steels. The experimental difficulties in the

way of production of a true alloy of iron and zirconium were
numerous and severe, and after much work they were only
partially overcome. It was found possible to prepare, in 50-

pound batches, a ferro-zirconium containing, however, a con-

siderable portion of carbon, while much of the zirconium in

the material was present as carbide. It was consequently
very doubtful whether the zirconium in this material could be
transferred into a melt of steel. In the meantime numerous
inquiries have failed to discover any source of supply of ferro-

zirconium containing only small proportions of carbon and
silicon, or any evidence that zirconium added to steel conveys
to it any beneficial quality. Further, the examination of

samples of light armor of enemy origin has not revealed the
presence of zirconium.

After the conclusion of the war the importance of the inquiry
diminished and in consequence the committee were of opinion
that their investigations should be concluded. We have re-

cently received their report and have recommended that it be
communicated to the fighting services.

In an appendix some information is given on the develop-
ments of the organization of research in the Overseas Domin-
ions and in the allied and associated countries.

In particular, there is under consideration the proposal for

the establishment of a National Research Institute for Canada,
on which the report of the committee was unanimously adopted
by the Canadian House of Commons in May last. The cost of

building and equipping the institute is estimated at $600,000

and approximately $50,000 is required for the salaries of the

staff during the first year. The proposed institute will exer-

cise functions akin to those of the Bureau of Standards in

Washington. It is also anticipated that the institute will play

an important part in fastening the movement for cooperative

research among the industries of Canada by placing labora-

tories and if necessary staff at the disposal of cooperative

research gilds when they are not in a position to maintain
laboratories of their own.

There are already several organizations in Canada estab-

lished with a view to industrial research, such are, for exam-
ple, the Fuel Research Board appointed to deal with the

standardization of coals through the Dominion, and the Peat

Commission, which has already successfully developed a log

at Alfred, Ontario.—Abstract of Fifth Annual Report of the

Committee of the Privy Council for Scientific and Industrial

Research, presented to Parliament by Command by His
Majesty and published in London in 1920, 120 pp.

THE DESIGN OF WAR VESSELS AS AFFECTED BY THE
WORLD WAR

By Rear Admirai. David Watson Taylor

It is not fully possible as yet to answer the question, "What
has been the effect of the World War on warship design?" and

the opinion of the service has not yet been crystallized and

become definite in this respect.

From such data as are available some facts may, however,

be considered as established—one of them being the ability

of the large, modern, heavy-armored ships not only to survive

but to continue in action after the most severe punishment.

Taking the battle of Jutland as a test of the defensive quali-

teis of modern ships, one finds that in the entire action only

four such ships, all of them of the battle-cruiser type, were

lost as a result of the action. The four outstanding facts of

interest to the designer as they emerge to the author's analysis

from the smoke and flames of the battles are—first, the value
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of armor protection ; second, the necessity for the maximum
number of major caliber guns; third, the tactical value of

speed ; and fourth, the futility of subjecting all the ships to

the attack of modern weapons.

Protection of ships is being recognized as one of the most

important problems and both the British and American naval

services have solved this problem so far as the torpedo has been

developed to date. Moreover, although the solutions differ

radically in detail they do not differ much in underlying ideas.

Of the general phases of the war the submarine campaign is

given considerable attention. Nations must in the future be

prepared to find the submarine playing an important part in

attacking and throttling enemy commerce, even on their own
coasts. The proposal brought forward at the Peace Conference

to abolish the submarine entirely by international agreement

was not adopted, wisely as the author thinks, for so long as

the possibility of war remains, progress of size and engineering

and their application to the art of war cannot successfully be

throttled unless there is complete unanimity of sentiment

throughout the civilized world.

War experience developed certain facts regarding subma-

rines. It is essentially an instrument of stealth. Once de-

tected, it is at the mercy of a surface vessel and detection

devices while not perfect yet, have been and will be steadily

improved as time goes on. If we had today an accurate device

which would locate a submerged submarine with reasonable

approximation several miles off and with accuracy when 100

to 200 feet directly under the surface vessel, the submarine

would be obsolete as a weapon of war.

The position of the destroyer as an element of the fighting

navy has been particularly enhanced as a result of the war
experience, both to attack the enemy and protect its own
capital ships. As regards the design of destroyers, the prin-

cipal demand has been for greater cruising radius and in-

creased shelter and comfort for the personnel.

The role played by trawlers, drifters and other small vessels

of a similar type has been changed somewhat from that in-

tended at the beginning of the war. Primarily they were to be

used as mine sweepers and tenders, but the development of

the depth charge made it possible to employ them against sub-

marines, which, in fact, became the principal use to which
these small boats were put during the last year and a half

of the war. In fact, as time went on, special boats of small

sizes were developed for this kind of service, such as the

British patrol boats and the United States Eagle boats.

Aircraft carriers are particularly mentioned as a new and
large type of naval vessel. The actual offensive use of aircraft

against naval vessels was little developed during the war.

The author believes that developments in the air will be

both along lines of offense against capital ships and of defense

of them by auxiliary and offensive aircraft. He states, however,

that the big ship which must be protected from projectiles of a

ton weight falling at angles of 30 degrees fired from ships

almost out of sight of the horizon, is not yet in serious danger
from bombs carried by present-day aircraft with chances of

hitting small indeed. It seems probable that aircraft will

sooner become dangerous to destroyers and light vessels gen-

erally than to the large ships of the line and even then, in order

to perform efficiently their functions with the field aircraft,

must have means for being carried with the fleet, not only

on long cruises but actually in battle, which account for the

development of the aircraft-carrier type of ship.

To sum up, the experience of war so far as it can be grasped

to date, has resulted in demands of every existing type of war
vessel which can only be made by increased size and cost. It

has resulted in the introduction of only one new type of

major importance, namely, the aircraft carrier, but it has
introduced a number of small types which will probably sur-

vive but need not be constructed in large quantities in time
of peace.

While the present tendency is toward increased size and

cost this very fact under the present financial economical and
political conditions in the world may actually result in the

long run in the disappearance from future building programs of

these very types and the substitution for them of smaller and
cheaper units made possible by new developments in size and
engineering.—^Journal of the Franklin Institute, Vol. 190, No. 2,

Aug., 1920, pp. 157-185.

Progress in Mining and Metallurgy
Abstracts of Papers and Recent Articles

Prepared Under the Auspices of the American Institute of Mining and Metallurgical Engineers

BY-PRODUCT COKE OVENS
By G. W. Marshall

The primary and chief product of a coke plant is metallur-

gical coke, which is practically all consumed in blast furnaces

and foundries. I would like to mention a few points embody-

ing the result of my own experience.

First, do not forget that the foundations are the foundation

of the whole plant. If you must economize, practice on some

of the top work which can easily be repaired or replaced

afterwards, because you will probably find that it has to be

repaired pretty often. I have known more than one plant

crippled from the start because sufficient margin had not

been allowed for unforeseen foundation conditions.

Install a crusher that is well above its work under ordinary

conditions, otherwise trouble will be experienced, when work-

ing with very wet coal in the rains. In addition to the

periodic stoppages of an elevator for oiling, cleaning, repairs,

etc., the buckets have a habit of not filling up to full

capacity, so that if you require to carbonize 300 tons of coal

per day, the capacity of the elevator should be not less than

40 tons per hour.

Erect a concrete bunker of three days' capacity.

If you know that the coal you are going to carbonize is a

good coking coal, do not install a compressor. Hand-charging

at Giridih with coal containing the same percentage of mois-

ture as for compressed charges gave 12 per cent less coke per

oven, but the coking time was 13 per cent less, a slight gain

in favor of hand charges. The point, however, is that when
hand charging, the coal can be used dry, whereas it must
contain about 11 per cent of water for compression, and we
obtain a clear 10 per cent extra output by hand charging dry

coal over our original method of compressing.

For charging the ovens, have an electrically driven charging

car on the oven tops, and a mechanical leveller, but have the

latter so designed that the oven is filled above the spring of

the arch, as the ones usually supplied leave too much space

between the top of the charge and the roof of the oven.

Have as many of the tar and liquor tanks as possible built

of ferro-concrete, as the gases from the ammonia liquor soon

begin to eat away wrought-iron sheets. If metal tanks have
to be erected, the inside of the tops should be well painted,

tarred and finally varnished.

It is not the custom in coke-oven practice to install spares

in the pumping line, but where there are, say, three similar

pumps doing different classes of work, a spare one should be

insisted on.
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I would say to the coke-oven manager, "Watch your suction."

My experience has proved that this is of even more impor-

tance than the average coke-oven man considers.

Even anyone not particularly interested will easily under-

stand that with such large coking chambers it is impossible to

avoid occasional cracks and open joints, consequently given

a pressure in the oven, the chimney is bound to draw oven gas

into the heating flues. At the same time it is essential that

air be not drawn into the oven from the flues. I am always
hoping that someone will invent a reliable pressure governor

to be fixed between the ovens and the exhauster.

Do everything possible to minimize the loss due to evapora-

tion of ammonia from the liquor, between its production and
its conversion into sulfate. Owing to the low vapor tension

of ammonia, some loss cannot be avoided under any circum-

stances any more than water can be prevented from evaporat-

ing in hot dry weather, but the loss quickly increases with any
rise in temperature or exposure of the liquor to the atmosphere.

Keep all liquor seal pots and tanks well covered, and when
pumping liquor see that the mouth of the delivery pipe is

well below the usual level of the liquor in the tank, as the

general method of pumping into the top of a tank and allow-

ing the liquor to fall cascade fashion is a fruitful source of

loss of ammonia. We have increased our production of am-
monia quite appreciably by small alterations in this direction.

Have all your tar and liquor pipes properly trenched so that

they can toe inspected regularly. If it is absolutely necessary

to bury any pipe, fill in with good clayey soil and not with
cinders or ashes, as these quickly lead to corrosion of the pipe.

Owing to the now greatly increased cost of material, the

preservation of the plant is of greater importance than ever.

Tar is cheap. Use plenty. It is a most excellent preservative

for both wood and iron. Always boil the tar before applying

it, and it is preferable to add a very small quantity of lime

when boiling.—Paper presented before the Mining and Geo-
logical Institute of India and reprinted by The Science and
Art of Mining, Oct. 16, 1920.

RELATION OF AIR PRESSURE TO DRILLING SPEEDS
OF HAMMER DRILLS

Br H. W. Seamon

These data were collected during a series of tests made at

the property of the United Verde Copper Co. to determine

the most economical air pressure for the operation of hammer
drills under the varying conditions of use, and to investigate

the variation in drilling speed at different air pressures.

About 1,500 tests were made on twelve models of drills, at

gage pressures ranging from 40 to 130 pounds. No effort was
made to bring theory and practice into accord; but rather

to formulate sundry empirical rules covering the average

variation ef the results obtained. However, these rules on
the performance of hammer drills, based on the air pressures

as the main variable are not necessarily of universal appli-

cation ; they apparently satisfy the results obtained in this

particular series of tests.

The drilling conditions at this property vary widely. An
average of twenty-one machine shifts to a 3-ft. round is neces-

sary in some of the development work ; while an advance of

56 ft. has been made in seven shifts in the "oxide" ground.

This wide range of conditions precludes the adoption of one

type of drill as a standard ; consequently almost every kind

of hammer drill sold in this country has been tested during

the past few years. At the present time, sixteen different

models of drills are in use, of which two types of the heavy

(150 to 160 lb.) mounted drills, one of the light mounted drill,

one stoper and two-hand plugging drills are considered as

standard.

Inspection of the several tabulated results shows that:

1. There is little or no increase in mechanical efficiency

of the drills above 90 lb. pressure.

2. The distance drilled per air indicated horse-power is a

maximum for the jackhammer type at 90 lb. and increases at

a slow rate for the other machines at the higher pressures.

3. The average thermal efficiency is a maximum at about

95 lb.

4. The factor of desirability, while increasing as the pres-

sure, shows a comparatively slow rate of increase for pres-

sures above 100 lb.

5. The average drill is made to be used at a pressure of

80 lb. or less, and the use of pressures much exceeding this

would invalidate the present replacement agreements with the

manufacturers, thereby increasing the upkeep cost.

6. The increased breakage at the higher pressures, with

the consequent greater loss of time of the drill runner in

changing or repairing the machine, would tend to reduce the

factor of desirability.

7. The increased breakage of drill steel would tend to limit

the pressure, although there are not sufficient data on this

point to determine the maximum.
From the foregoing, it would seem that under the conditions

obtaining at this property, about 95 lb. is the most economical

gage pressure.—To be presented at New York Meeting, Feb.

14-17, 1921.

CALCULATION OF ORE TONNAGE AND GRADE FROM
DRILL-HOLE SAMPLES
By James E. Harding

The usual method of sampling mineral deposits is to drill

holes and assay the sludge or core. Though the results thus

obtained may not represent the true average value of the de-

posit; it is on these results that estimates of practically all

large orebodies are made. In a large number of cases, the

results of exploitation fall far short of the estimated value

of the orebody.

The standard method of making these estimates is to find

the cubic contents of triangular prisms, in the apices of which
the drill holes are placed, by multiplying the surface area by
the average depth of the ore in the three drill holes and then

multiplying the cubic contents by the specific gravity of the

ore or rock to find the tonnage. The assay value is found by
dividing the sum of the products of the depth of ore in each

hole and the corresponding assay value by the sum of the

depths of the ore in the three holes. As the latter part of this

method is subject to many mathematical errors, it should not

be depended on. Some engineers, therefore, use a discount

factor, but as this factor is either arbitrarily selected or is

obtained by obscure methods, the results are no better than

guesswork.

The standard method is correct when the drill holes are

so laid out that the triangular prisms are equilateral in cross-

section. But as ore deposits cannot always be drilled into at

regular intervals, and because of the human factor, if many
holes are drilled, triangular prisms of all degrees of angu-

larity are produced. In such cases it is necessary to assume
that the influence of the different holes is not the same in all

directions, which assumption, of course, is absurd.

The area of the triangular prism is usually found by scaling

;

an orebody of sufficient size to justify churn drilling is too

large to be handled conveniently on maps having a scale.—To
be presented at New York Meeting, Feb. 14-17, 1921.

PLATINUM OCCURRENCES IN THE SOUTH AFRICAN
UNION

For several hundreds of miles along the margin of the

Bushveld granite area in the Transvaal, pseudiostm tilled

segregations of chromite associated with platinum have been

noted. These are several feet in thickness, and of quite

workable size and extent.

They have so far not been opened or exploited, tout from
time to time samples have been assayed. These usually con-

tain from 35 per cent to 45 per cent chromic oxide. Samples
from the north of the Lydenburg district, however, yield up
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to 54 per cent. Unfortunately, this portion of the country

lies over 50 miles from a railway and is inaccessible, but a

reconnaissance has been made by the Railway Department,

and in time the district will be opened and the deposits

brought within reach of a market. So far only obvious out-

crops have been tested, and obvious outcrops of all minerals

tend to be the most siliceous, these resisting denudation,

where the richer deposits weather away. The richer out-

crops therefore become subsurface, and must be sought for

by regular prospecting. These chrome ores are said by the

Mines Department to contain an appreciable quantity of

platinum, and certainly deserve attention.

The occurrence of platinum and the allied group of metals

in the black sands derived from the conglomerates of the

Klerksdorp area has been noted. The quantity appears to

make the occurrence worthy of attention, but so far nothing

has been done.—Discoveries noted in South African Mining

and Engineering Journal of Sept. 18, 1920.

ELECTROLYTIC ZINC PLANT AT GREAT FALLS, MONT.

By Frederick Laist, F. F. Frick, J. O. Elton, and

R. B. Caples

About six years ago the Anaconda Copper Mining Co. de-

cided to investigate the possibility of extracting zinc from the

ores of certain mines in the Butte district. These ores are of

a complex character and contain so much iron and lead that

the concentrate contains only 33 to 35 per cent zinc.

Investigations showed that while a high-grade concentrate

could not be obtained by ordinary methods, such as tabling

and magnetic treatment, a fair grade could be made by the

Horwood process. In this method, the concentrate resulting

from the notation of all of the sulfides is given a light roast

and this calcine is subjected to flotation in the presence of a

large amount of sulfuric acid ; the resulting concentrate con-

tains most of the zinc and a residue contains most of the

iron. The fact that the lead, copper, and silver are divided

approximately equally between the zinc concentrate and the

iron residue and the large consumption of acid, which ranged

from 50 to 100 pounds per ton of concentrates were serious

objections to this plan. The zinc recovery, moreover, was low,

as a considerable percentage invariably accompanied the iron.

While a profit might be made on the ores by the use of this

process, it was thought that other and more promising methods

might be devised.

After carefully studying the field and doing some labora-

tory work on various processes that had been suggested, it was
decided that the electrolysis of sulfate solutions was the

most promising. The only way to obtain a good zinc deposit is

to have the electrolyte free from all metals more electro-

negative than zinc, such as copper, cadmium, lead, arsenic,

antimony, etc. Arsenic and antimony are particularly in-

jurious, causing very poor current efficiency and small yield

per horse-power when present in amounts so small as almost

to defy detection—1 mg. or less per liter.

An aluminum plate made the most suitable cathode and
a lead plate the most suitable anode. Some of the lead anodes

have been used for three years and seem to be just as good
as when put in.

On December 13, 1915, ground was broken at Great Falls

for a plant that would be able to produce 100 tons of zinc

per day, or 6,000,000 pounds per month.

In 1918 the plant was enlarged to make 150 tons per day,

or 9,000,000 pounds per month. The plant is of permanent
and up-to-date construction throughout; the buildings are

brick and steel and all floors are concrete.

Much has been said about the difficulty of roasting zinc con-

centrates to render the zinc soluble in the presence of con-

siderable iron. It is not difficult to make a calcine containing

82 per cent of its zinc in soluble form in 2 per cent H2S04

from a concentrate that contains 33 per cent zinc to 20 per cent

iron.

LEACHING DIVISION

The leaching is continuous and is carried out in two steps

:

(1) A neutral leach where all the calcine and approximately

one-half of the total acid is added; (2) an acid leach where

no calcine and the remainder of the acid is added.

The results of the acid leaching system are: (1) Solution

of the remainder of the acid-soluble zinc and the copper
; (2)

final separation of the solids from the zinc and copper solu-

tions; (3) roughing out of the copper and chlorine; (4) so-

lution of sufficient iron to guarantee the removal of arsenic

and antimony in the neutral leach step; (5) elimination of the

arsenic and antimony which are only partly -redissolved in di-

lute acid. A tank 12 feet in diameter by 12 feet deep was fitted

with an air-lift agitator and used to dissolve the iron and

scrap zinc for precipitating the copper. In this tank sufficient

scrap iron and zinc were added to guarantee the desired re-

sult. The adoption of this scheme effected material saving of

zinc dust in the purification plant.

The failure of the early experimenters to recognize the

harmful effects of minute quantities of certain impurities is

the principal reason for their disappointment.

ELECTROLYZING DIVISION

The tank house contains 864 cells divided into six electrical

or solution units. The cells are 10 ft. 3 in. long, 2 ft. 10 in.

wide, by 5 ft. deep. They are made of wood with a lead

lining and are bolted together with heavy %-in. iron bolts at

the end. Each cell contains 28 anodes and 27 cathodes. The
cathodes are approximately 2 ft. by 3 ft. 6 in. by 3/16 in.

thick and have a copper contact bar riveted on the top so

that 3 ft. of the cathode is submerged; they are spaced 4 in.

on centers at right angles to the solution flow.

DETERIORATION OE ALUMINUM CATHODES

When the gas leaves the surface of the cell, it atomizes a

certain amount of the acid electrolyte, part of which comes in

contact with the exposed surface of the aluminum plates. As
these are relatively warm, the water evaporates, leaving a

concentrated acid which causes a constant deterioration of

that portion of the plate exposed above the solution level.

When aluminum sells at 50 cents per pound, the aluminum
cost approximates 75 cents per ton of zinc deposited. So far

we have been unable to find a coating that will resist the acid

for any length of time. Welding was suggested as a possi-

bility, but it has been impossible to satisfactorily weld two
pieces of plate aluminum.

ANODES

The lead anodes were made by casting the lead completely

over % by 1% in. copper anode bar and cutting away the

lead on one end so that the conductor bar made contact with

the copper of the anode bar.

GLUE

Between 1 and 1% oz. of glue per ton of metal produced,

depending on the amount of impurities in the electrolyte has

been added at 2-hr. intervals since the plant has been in

operation. The judicious use of glue gives a dense deposit

resulting in better melting recoveries of zinc.

MELTING DIVISION

The zinc-casting plant contains two coal-fired reverberatories

with a capacity of from 100 to 125 tons per furnace and one

electric furnace with a daily rated capacity of 200 tons. After

a six-months' trial the use of the electric furnace was dis-

continued.

COAL-EIRED REVERBERATORIES

Zinc cathode sheets are apt to be porous to a certain extent

and one side is covered with sprouts or raised spots. Even
when melted in a covered crucible, from 4 to 5 per cent of

dross is formed. The best recovery of the metal over a month's

operation was 96% per cent; 3% per cent of the metal went
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to form dross, which assayed 83% per cent zinc, showing that

approximately one-sixth of it was metallic.

The zinc-melting reverberatories are made of common brick

below the metal line and of firebrick above. To avoid metal

leakage the whole furnace is set in a sheet-metal pan, which

is supported by I beams set on concrete piers. This construc-

tion permits air cooling of the bottom.

BAG HOUSE

The bag house originally contained eleven sections of 138

bags, each 18 in. by 30 ft. ; it is so arranged that any section

can be cut out for shaking or repairs. The building is of

brick and steel with wooden sheeting and composition roofing.

At first the gases, after being filtered through the bags, were
allowed to diffuse into the air from louvers in the top of the

bag house; the small amount of sulfur dioxide, 0.5 per cent

by volume, however, made working conditions very disagree-

able. The bag-house openings were therefore connected to

the main flue system, which discharges all the smelter gases

at an elevation of 500 ft. above the surrounding country. In

1918 six sections were added to provide additional capacity

so that the matte could be converted at Great Falls.

BESIDTJE SMELTING

The object of the residue treatment is to collect the maxi-

mum amount of copper, gold and silver in a leady matte

with a minimum amount of zinc and to slag as much of the

zinc as possible, while making a fume rich enough in lead to

ship as a lead product. After several months of experimental

work, the slag decided on as the most economical was 29 to 30

per cent FeO, 27 to 28 per cent silica, 16 to 17 per cent lime,

and 10 to 11 per cent zinc. Over a period of six months when
smelting a residue of the approximate analysis 15 per cent

lead, 13 per cent zinc, 2 per cent copper, 23 oz. silver and 0.07

oz. of gold, 12 per cent silica, 29 per cent iron oxide, the re-

coveries were: Copper, 90.78 per ceut; gold, 74.05 per cent;

silver, 93.04 per cent; lead, 72.65 per cent.—Abstract of paper

to be presented at the New York Meeting, Feb., 1921.
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Low pressure steam control device. . (n)*374
Obturators versus piston rings (n)91
Stabilized governing *141
Still and Sulzer engines compared . . (n)345
Test of locomotive water indicating de-

vices (n) *375
Turbo-blower 22,000 R.P.M (n)*278
Turbo-generator, 50,000 K.W (n)281

EUGENIC EFFORT, STANDARD OF . (n)364
EVAPORATING SYSTEM, ELECTRICAL

EXPANSIONS, THERMAL CORRECTION
*

EXPLOSIVES.
(D)169

Ammunition plants transformed to needs
of peace (n)276

commercial explosives (n)94
Liquid oxygen explosives (n)189

EYE PROTECTION IN WELDING OP-
ERATIONS 52

F
FALCONRY, ANCIENT SPORT OF *318
FAV, MRS. AYRTON'S *225
FATIGUE, RELIEVING BY MEANS OF
TOXINS 205

FEDERATED AMERICAN ENGINEER-
ING SOCIETIES (n)195

FERRIES, FLYING (n)280
FERRY LINE, LONGEST IN THE WORLD

(n)171
FIBER AND FOOD FROM CAT-TAIL (n)236

FIBER, VULCANIZED (n) 181
FILTERS, AIR, SCREENLESS (n)»91
FINGER PRINTS, CHEMICAL DETEC-
TION (n)180

FISH.
Amphibious fish »221
Climbing pirch *221
Effect of mineral salts on fresh water
fauna 331

Fish that are trained to catch fish ...*330
Fish that can be drowned *221
Fish that shoot their prey (n) *220
Remora *330

FLAX FROM BARK OF SILKWORM
MULBERRY (n)152

FLOUR, PEANUT. SUPPLEMENT TO
WHEAT '. (n)272

FLUORESCENCE. LUMINESCENCE AND
PHOSPHORESCENCE 355

FOG AND SMOKE 74
FOG ELIMINATOR FOR MOTION PIC-
TURE STUDIOS (n)73

FOOD.
Artificial stock foods (n)276
Better canning (n) 179
Food and fiber from cat-tails (n)236
Cattle food from seaweed (n)86
Canned goods, causes of alterations in

(n)288
Chlorophyl as a blood maker (n)122
Conservation of food energy (n)180
Copper in food plants (n)204
Fggs, preserving with soap (n)277
German war substitutes 333
Green peas and spinach as a tonic. . . (n)122
Heat penetration in processing canned

foods (n)369
Jelly (n)85
Molassas (n)370
Ostrich eggs ns food (n)324
Peanut flour, nutritive value of (n1272
Pearl barley (n)86

FOREST LAND CLEARING AND CHEM-
ISTRY (n)87

FOREST PERPETUATION, RESEARCH
AN AID TO *360

FOSSILS. REMARKABLE HOAX *199
FRITS FOR WHITE WARE GLAZES (n)367
FRUIT. EFFECT OF HIGH TEMPERA-
TURES ON (n)273

FUEL. See also coal.
Bowdon petrometer (n) *187
By-product coke ovens (n)377
Coke and by-products in metals melting

(n)284

JELLY (n)85

KATHAROMETER, THEORY OF (n)»184

LACES AND EMBROIDERIES, MACHINE
MADE *47

LAMP, CADMIUM-VAPOR ARC *40
LAMP, GARBARINI ROTATING ARC. . (n)182
LEAF GROWTH, INCREASING BY PER-
FORATING ROOT (n)14

LEATHER IN ENGINEERING (n)87
LEMON GROWING, CALIFORNIA *212
LEMONS AND VITAMINES (n)14
LENGTH MEASUREMENTS (n)366
LIGHT.
Cadmium-vapor arc lamp *40
"Cold light" 355
Cost of darkness (n)195
Diffusing power of pigments (n)369
Effect of colored light upon plant life. .*313
Eye protection in welding operations.. 52
Garbarini rotating arc lamps (n)182
Gas mantle (n)86
Journey on a ray of light (n)291
Green rays at sunset *102
Letting light through ears (n)99
Luminescence, animal, nature of ....(n)271
Luminescence, fluorescence and phospho-

rescence 355
Microscope illuminator, new (n)224
Photometric methods, recent progress(n)372
Reflecting power of stellite and lac-
quered silver (n)228

Refraction of light in plant tissues . . (n)365
Sunlight engineering 106
Ultra-violet light and plants (n)126
X rays and atomic structure 357
X-rays, interference of *150

LIGHTHOUSES. AERIAL *170
LIME HYDRAULIC, LONG TIME TESTS

(n)279
LOCOMOTIVES, TESTS OF WATER IN-
DICATING DEVICES (n) *375

LUBRICANTS. See oil.
LUMBER UTILIZATION AND WASTE
PREVENTION (n)179

LUMINESCENCE, FLUORESCENCE AND
PHOSPHORESCENCE 355

ANIMAL, LUMINESCENCE, NATURE OF
fn)271

MEvaporation of gasoline from crude
petroleum 211

Gas appliance investigation (n)273 MAGNESIUM OXIDE, PREPARATION O
Motor "gasoline from heavier hydrocar-
bons (n)171

Oil as fuel, efficiency (n)95
World's supply of energy *103

FURNACE.
Chantraine metallurgical furnaces . . . (n)*92
Chimney linings in copper smelting
plants (n)283

Hardness of blast furnace coke (n)284
Refractory substances 1 33

GAS.
Bleaching silk (n) 179
Electricity in oil and gas industries. .*244
Gas appliance investigation (n)273
Gas mantle (n!86
Gas mask, peace time uses *37
Mrs. Ayerton's fan *225
Poisonous gases, absorbing with earth (n)149
Protecting military clothing (n)157
Repelling poisonous gases *225
Stenches as mine warnings *241

GEOGRAPHY.
in industry and business 127
Scientific survey of the Pacific 268
Teaching by motion pictures (n) 198

GEOLOGY.
Analysis of Panama earthquakes ...(n)363
Ancestors of the Sequoias *207
California earthquakes during 1919.. (n)82
Expanding earth (corresp.) 288
Figured stones of Wiirzburg *199
Glacial and genial epochs 197
Is earth expanding or contracting. ... *7
Planetesimal hypothesis in relation to
the earth 83

Rigidity of the earth *300
Sinking of sea-level in recent time. . . (n)270
Volcanoes, origin of (corresp.) *96
Waterfalls and gorges *302

GLASS-MAKING. MODERN *351
GLAZES, WHITE WARE. FRITS FOR (n)367
GORGES AND WATERFALLS *302
GOVERNING, STABILIZED *141

INK. CHINESE (n)135
INSECTS.

Brownies of the insect world *123
Fly, courting antics (n)17
Helping the bees (n)180
"Living larder" of the sphex wasps (n)222
0"ly insect found in the sea (n)*125
Producing flies with horns *18
Silk from spiders (n) 157
Termites of the Temperate Zone *325

(n)367
MAGNETIC ANALYSIS OF STEEL *341
MAIDEN PLUM TREE (n) *332
MALARIA PARASITE *217
MEASURES, LENGTH, WORK IN CON-
NECTION WITH (n)366

MEASURES'. NEW UNITS OF (n)152
MEDICAL SCIENCE AND SURGERY.
Agglutinating powdered solids by com-

pression (n) 151
Artificial Siamese twins 19
Beef-bone screws *12
Chemistry of the brain 311
Conditions of cell structure outside the
body (n)206

Curing colds by acid fumes (n)204
Ehxir of life, modern *202
Lemons and vitamines (n)14
Malaria parasite , . *217
Fatigue. Relieving by means of toxins 205
Respiration, simple methods of measur-

ing (n)272
Soap and clean hands (n)291

MEDICINE, GIVING TO TREES *114
METALS AND METALLURGY. See also

ELECTBICITT ; FURNACE ; COPPER ; STEEL ;

MINES ETC.
Armor, ancient, metallographic examina-

tion (n)274
Bearing metals (n.)367
Brass (n)87
Briqueting (n)146
Catalysis by means of metals 45
Chantraine metallurgical furnaces . . . (n)*92
Cleaning metal sheets (n)179
Conper sulfides, hydrometallurgy of.. (n) 188
Coke and by-products as fuels in metals

melting (n)284
Damascening metals, new method 42
Deep etching of steel *54
Electricity in metallurgical processes ... 89
German war substitutes 333
Hardening of screw gages (n)160
High speed punching, laws of (n)186
Light steel castings 185
Magnetic analysis of steel *341
Nickel-plating aluminum and alloys ....267
Oxygen in metallurgical operations. . (n) 253
Platinum in South Africa (n)37S
Platinum, substitutes for (n)86
R^ractory crucibles (n)81
ReDair by electrolytic deposition of iron

(n)368
Steams and friction stamps for hot stamp-

ing (n) 186
Steel chimney linings In copper smelt-
ing plants (n)283

Steels for automobile parts 59
Testing galvanized coatings (n)181
Zinc plant, electrolytic (n)37!)
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METEOROLOGY.
Corrections on ranges of guns *349
Djnamics of shell flight *145
Temperature as means of predicting
barometric changes (n)10

Weather forecast by solar radiation ob-
servation 175

METRIC SYSTEM, NEW UNITS (n)152
MICROBES 2,000 YEARS OLD 11
MICROSCOPIC ILLUMINATOR, NEW (n)234
MICROSCOPE, REFLECTING, FOR MIN-
ING ENGINEER (n)95

MINES AND MINING.
Calculation of tonnage and grade from

drill hole samples (n)37S
Commercial explosives (n)94
Exploring with a camera *172
Gas mask, peacetime uses *37
Hammer drills, relation of air pressure

to speed (n)378
Mine timbers, protecting from fire 46
Mining in German Southwest Africa (n)173
Platinum in South Africa (n)378
Potash deposits of Alsace (n)282
Reflecting microscope for mining engi-
neer (n) 95

Stenches as mine warnings *241
MOLASSES (n) 370
MOLECULES AND MAN (n)275
MOLLUSCS, BIVALVE *223
MOSQUITO, HOW IT CARRIES MALA-
RIA *217

MOTION PICTURES.
Fog eliminator for studios (n)73
Education in science by the "movies" (n)l76
Geography, teaching by (n)198
Shooting flying bullets with a camera. .*147

MOUNTAIN PRIDE OF JAMAICA . . . (n)*332
MULBERRY FLAX ' (n)152

N
NIAGARA FALLS DEVELOPING WITH-
OUT MARRNG ITS BEAUTY (n)308

NITROGEN, BREAKING UP OF 138

O

OIL. See also fuel.
Electricity in oil and gas industries . . *244
Lubrication, "Germ" process *32
I ubrication in power plants *158
Oil containers *337

OPTOPHONE, TYPE-READING *109
ORANGE GROWING, CALIFORNIA *212
ORDNANCE AND ARMOR.
Ammunition plants transformed to needs

of peace (n)276
Ancient armor, metallographic examina-

tion (n)274
Dynamics of shell flight *145
High speed punching, laws of (n)186
Path of a shell *349
Shooting flying bullets with a camera *147
War vessels, design of, as affected by
World War (n)376

OSMOSIS, ELECTRICAL, COMMERCIAL
APPLICATION (n)373

OSTRICH EGGS AS FOOD (n)324
OXYGEN IN METALLURGICAL OPERA-
TIONS (n)253

OXYGEN, LIQUID, AS EXPLOSIVE ..(n)189
OYSTER, HUMBLER RELATIVES OF *22 3

PACIFIC OCEAN, SCIENTIFIC SURVEY 268

POTASH DEPOSITS OF ALSACE (n)283 SUGAR.
POTATO, SOME ENEMIES OF *120
POTATOES, PLANTING WHOLE IN-
STEAD OF EYES (n)119

POTTERY, FRITS FOR WHITE WEAR
GLAZES '. . (n)367

POWDERS, AGGLUTINATING BY COM-
PRESSION

POWER.
Tidal power, utilizing *100
Wave-power transmission *346
World's supply of energy *103

PRECIPITATION TREATER, NEW ELEC-
TRICAL (n)372

PRIZE CONTEST, MONTEFIORE (n)201
PSYCHOLOGY.

Psychology of the dreamer 314
Research in the psychology of aviation . 84
Stammering scientifically considered . . .111

PUMPS FOR CORROSIVE LIQUIDS (n)*277 T™ 1*A
,
PINS '

PUMPS, ROTO-PISTON, VACUUM AND
PRESSURE (n) *277

PUNCHING, HIGH SPEED, LAWS OF (n)186

Deterioration, preventing (n)275
Jelly (n)85
Molasses (n)370
Rare sugars (n)368
Substitutes (n)370
Sucrose-invert sugar syrup . . (n)81

(n)151 SULPHUR (n)336
SUNLIGHT ENGINEERING 106
SURGERY. See medical science and sur-

gery.

R

RADIO TELEGRAPHY AND TELEPHONY.
Alexanderson high frequency alternator *161
Explanation of underlying principles (n)177
Radio music (n)178
Stabilized governing 141
Study of fading of radio signals .... (n)177
Thermionic valves (n)88
Wireless telephone and fundamental re-

search (n)345
RADIUM AND URANIUM, RELATIVE
ACTIVITY (n)182

RAILROADS.
Ferry line, longest (n)171
Regan automatic train control (n)374
Safety devices of the safety car (n)88
Terminal wastefulness at New York .... *61
Tests of locomotive water indicating de-

vices (n) *375

READING MACHINE FOR BLIND *109
REFRACTORY SUBSTANCES 133
REFRIGERATING PLANTS, . AMMONIA

TANNING, ACACIA BARK (n)340
TELESCOPE DISKS (n)181
TERMINAL WASTEFULNESS AT NEW
YORK *61

TERMITES OF THE TEMPERATE ZONE
*325

TORTOISES AND TUR-
TLES ' *21

TEXTILES.
German war substitutes 333
New textiles from bark of silkworm mul-

berry (n)152
Problems in wool manufacture (n)85
Protecting military clothing from gases

(n)157
Silk fabric, determining value of .... (n)152
Textile Research Laboratory *153

THEATERS, ARCHITECTURAL REASONS
FOR BARE HEADS IN (n)248

TIDES, SETTING TO WORK *100
TIMBER, FORMATIONS OF CURIOUS
GRAIN *209

TIRES, SOLID VS. PNEUMATIC 254
TOXINS, RELIEVING FATIGUE 205
TRACTORS. See automobiles.
TREES.

Acacia bark as industrial material . . . (n)340
Ancestors of the Sequoias *207
Knots and boles on forest trees *209
Medicine, giving, to trees *114
Mountain pride of Jamaica (n)*332

TROGLODYTES, TWENTIETH CENTURY
*130

TURBINE. See engines and motors.
LEAKS IN ' (n)173 TURBO-BLOWER, SINGLE STAGE, 22,000

REFRIGERATION, EFFICIENCY OF IN- R.P.M (n)*278
SULATION . . .77 ....... . . . . ( n ) 178 TURTLES, TERRAPINS, .AND TORTOISES

RESEARCH.
Cotton research in Egypt (n)356
Electro-deposition (n)366
Forest perpetuation *360
Industrial fellowships (n)85
Physical and chemical constants 78
Report of Committee of Privy Council,
Scientific and industrial research . . . (n)376
Scientific survey of the Pacific 268
Textile Research Laboratory *153
Wireless telephone and fundamental re-

search (n)345
RESIN, PARACOURMARONE (n)240
RESPIRATION, SIMPLE METHOD OF
MEASURING (n)272

RUBBER.
Cold vulcanization (n)368
German war substitutes 333
New vulcanizing process (n)211
Vulcanized fiber (n)181

SALT INDUSTRY OF CHINA *237
SCALLOPS *223

E£?£c£URMARONE (n)240 SCIENTIFIC AMERICAN MONTHLY ' SUS-PEANUT FLOUR, SUPPLEMENT TOWHEAT FLOUR . 0-0272
PHONOGRAPH RECORDS, PHOTO MI-
CROGRAPHS OF (corresp.) (n)286

PHOSPHORESCENCE, FLUORESCENCE
AND LUMINESCENCE 355

PHOTOMETRIC METHODS, RECENT
PROGRESS (n)372

PIGMENTS, DIFFUSING tOWER OF (n)369
PLANTS.

Copper in food plants (n)204
Corn, composition and nutritive value,

bibliography (nH69
Effect of colored light upon plant growth

*313
Effects of anesthetics on plants (n)82
Green peas and spinach as a tonic . .(n)122
Institute for plant protection 174
Leaf growth, increasing by perforating
root (n) 14

Microscopic water eontaminators *28
Potato, some enemies of *120
Potatoes, planting whole instead of

eyes (n)119
Refraction of light in plant tissues . (n)365
Spring flowers bloom in spite of frost (n)27
Sterility in plants *117
Turning water hyacinth into an asset (n)129
Ultra-violet light and plants (n)126

PLASTERING CODE, NATIONAL . . . (n)366
PLATINUM, CATALYSIS BY MEANS OF 45
PLATINUM, SUBSTITUTES FOR (n)86

21
TWINS, ORIGIN OF (n)364

U

UNDERGROUND VILLAGES OF FRANCE
*13C

URANIUM AND RADIUM, RELATIVE
ACTIVITY (n)182

V

VACUUM, HIGH, LIMITATIONS OF *167
VARNISH, USE OF PARACOURMARONE
IN (n)240

VITAMINES, LEMONS AND (n)14
VOLCANOES. See geology.
VULCANIZATION, COLD (n)211, (n)368

W
WATER AND WATER POWER.

Developing Niagara without marring its

beauty (n)308
Locating leaks in water mains *344
Water eontaminators, microscopic *28
Waterfalls and gorges *302
Wave transmission of power *346
White coal in Canada (n)65
World's supply of energy *103

PENSION FOR AIXGUST AND SEP-
TEMBER (n)99

SCREW GAGES, HARDENING OF (n)160
SEAWEED, CATTLE FOOD FROM (n)86 WATERPROOFING OF STONE (n)367
SEQUOIAS, ANCESTORS OF *207
SEX, VOLUNTARY DETERMINATION OF 322
SHELL FLIGHT, DYNAMICS OF *145
SHELL, PATH OF *349
SHIP WORMS *223
SIAMESE TWINS, ARTIFICIAL 19
SILK.

Bleaching silk (n)179
Fabric, determining value of (n)152
Silk from spiders (n)157

SILVER, LACQUERED, REFLECTING
POWER OF (n) 228

SMOKE, FOG AND 74
SOAP AND FRESH EGGS (n)277
SOAP AND CLEAN HANDS (n)291
"SONIC WAVE" POWER TRANSMISSION

*346
STAMMERING SCIENTIFICALLY CON-
SIDERED Ill

STEEL.
Deep etching of steel *54
High chromium steel, heat treatment (n)181
Light steel castings 185
Magnetic analysis of *341
Steels for automobile parts 59

WAR VESSELS, DESIGN AS AFFECTED
BY WORLD WAR (n)376

WAVE POWER TRANSMISSION *346

WELDING.
Electro-percussive welding, developments

(n)348
Eye protection 52
Welded ships, development of *246

WELLS, SALT, OF CHINA *237
"WHITE ANTS," AMERICAN COUSINS
OF *325

WIRELESS TELEGRAPHY AND TELE-
PHONY. See radio telegraphy and
TFLFPHONY

WOOD FORMATION OF CURIOUS GRAIN
*209

WOOD USING INDUSTRIES, ASSOCIA-
TION OF (nU70

WOOL MANUFACTURE, PROBLEMS IN
(n)85

WURZBURG FIGURED STONES OF *199

X

X-RAYS. ACTION UPON FERTILIZED
FROG'S OVA <n)364S'TELLITE, REFLECTING POWER OF

(n)228 X-RAYS AND ATOMIC STRUCTURE 357

PLATINUM IN SOUTH AFRICA . . .'.".'.'(n)37S STOCK FOODS, ARTIFICIAL (n)276 X-RAYS, INTERFERENCE OF *150

PLOWING, ELECTRIC (n)371 STONE, WATERPROOFING OF (n)367
POISON GASES ABSORBING WITH STUCCO, WEATHERING TESTS (n!367 Z
EARTH (n)149 STUMPS, DESTRUCTIVE DISTILLATION

POISON GASES, REPELLING *235 (n)87
PORCELAIN INSULATORS (n)281 SUBSTITUTES, GERMAN WAR 333

ZINC PLANT. ELECTROLYTIC. AT GREAT
FALLS, MONTANA (n)379
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Duplex Two-Stage " FEATHER " Valve Air Compressor.
(BEG. U. S. PAT. OFF.)

THINK of the tremendous energy—the terrific

but efficient force of Air or Gas compressed to

do man's will.

Air, compressed to 3000 pounds pressure pro-
pels the deadly torpedo to its mark. Air, com-
pressed in pipe lines furnishes the punishing punch
that drives home rivets, tears holes in hard rock
or chips rough casting faces, smooth. Oxygen or
C0 2 , compressed in tanks have service—uses that

range from welding or cutting metal masses to

putting the "zip" into the refreshing Soda Fountain
drink .

But to obtain this compression service the
compressing apparatus must function efficiently.

Worthington engineering— tendered freely to

American Industry—has developed a "real" com-
pressor service. That development is expressed in

terms of Worthington Compressors designed for

pressures stepping from 3000 pounds down to only
a few.

WORTHINGTON PUMP AND MACHINERY CORPORATION
Executive Offices: 115 Broadway, New York City

Branch Offices in 24 Large Cities

W—393.8

PUMPS—COMPRESSORS—CONDENSERS—OIL & GAS ENGINES—METERS—MINING—ROCK CRUSHING & CEMENT MACHINERY

WORTHINGTON
Deane Works, Holyoke, Mass.

Blake 8C Knowles Works
East Cambridge, Mass.

Worthington Works
Harrison, N. J.

idlaw Works, Cincinnati, Ohio,

Hazleton Works,

Ui

Gas Engine Works, Cudahy, Wis.

Power 8i Mining Works
Cudahy, Wis.

Snow-Holly Works
Buffalo, N. Y.

Epping-Garpenter, Pittsburgh, Pa.



384 SCIENTIFIC AMERICAN MONTHLY December, 1920

A FRIEND—INDEED

With readjustment actually begun, the nation's stability hangs

on the early solution of the many economical and industrial

problems confronting us. And these difficulties must find

solution before the return of prosperous times, just as surely as

rain precedes the summer's fruition.

Depression ideas in this period only find foundation in the lack

of information about these problems and their immediate

solving.

In this scheme of affairs the Scientific American Monthly
lends the helping hand in the form of accurate account of the

most advanced thought in science and technology throughout

the world. It furthers the extension of scientific research in

American industries. And it offers translations of complete

texts of the more important announcements of the European

periodicals.

Pure and applied science—mechanical developments—scientific

research—production aids—mining and metallurgy—inventions;

these hundred and one aids to real progress fill the pages of

Scientific American Monthly. Surely, a friend to be valued

highly in a time when the entire world waits on brilliant minds

to tackle the problems of readjustment and reconstruction.

Subscribing to the Scientific American Monthly keeps you

posted in the broad inarch of progress—and well informed on

the combined efforts of scientist, chemist, inventor and

manufacturer.

The price of a subscription for the SCIENTIFIC AMERICAN MONTHLY mailed to any

address in the United States or its possessions is $7.00 per year. The weekly periodical,

Scientific American, is $6.00 per year. If you are at present a subscriber to. either

periodical, send us $11.00 and we will renew your subscription to one and enter your

subscription to the other, providing they are mailed to one address.

And show this offer to a friend or associate who would be

interested.



SONNEBORN PRODUCTS ffl

CcnrWiete V$otyiA Tteecl7tot~

Jbjidfcot W/eaA,!

T TC THEN we made this statement a number
* * of years ago, it seemed incredible. Many

paid no attention to it.

Today there are between one hundred and two
hundred million square feet of lapidolized con-

crete floors which cannot wear or dust.

The laboratories of the Sonnebom have given concrete a much
wider use in floor construction by creating

IAPIDOIITHW——mmm TRADE MARK W———m

the original liquid chemical dustproofer and wear preventer

which makes concrete even harder than granite by completing

the hydration of the cement

Let us refer you to a lapidolized floor in your immediate

vicinity

Eliminate all trouble from concrete

dust, and expense from repairing

floors, through the use of Lapidolith.

Sonneborn Products

Gmcoafr
the durable MU1 White. Wash-
able, of exceptional covering

capacity. Gloss, Flat or Egg-

shell, also all colors.

FOR tVOODCN T\.

the modern wood preservative

gives new life to old or new

wooden floors.

Write for testimonials from leading

plant owners, from every part of

the country and from every industry.

L. Sonneborn Sons, Inc.
Dept. 101 264 Pearl St. New York
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CANYOU AFFORD NOT
TO DO IT?

Industrial conditions will not be stabilized by a single

influence, but through the adoption of a program of

constructive betterments by each industrial concern.

What Part Will You Play In This ?

Will you find yourself outdistanced by competitors who are

organizing for the future?

Will you find yourself without adequate and accurate cost

knowledge as your guide in meeting both retrenchment and
competition ?

Will you find when conditions become normal that you can
only secure a proportionate production from your capacity, due
to failure to plan and prepare ?

Why Not At This Time—
1st—Consider the prospects and demands of the future and
prepare to take your place among the leaders ?

2nd—Arrange for securing costs which will not only record but
control 1

3rd—Control production by setting standard hourlyproductions,
and currently and graphically showing actual productions against

these standards?

With So Much At Stake—
Even if it does take time and effort;

Even if it does require a reasonable investment;
Even if it does necessitate planning

;

Even if it does demand education

;

Can You Afford NOT to Do It?

Our service will facilitate the making of your betterment pro-

gram, and assist in inaugurating the plans decided upon.

Have your Secretary write us now for our Blue Book Series

WE CAN DESCRIBE OUR PLAN BRIEFLY

C E. KNOEPPEL & CO., INC
Industrial Engineers

52 Vanderbilt Avenue New York

"Knoeppel Organized Service"
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